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GENERAL ABSTRACT
The study evaluated effects of intercropping arrangements and fertilizer combinations on growth
and yields of Solanum nigrum L., soil nutrient balances and gross margins. The study was carried
out at Kenya Agricultural and Livestock Research Organization (KALRO) in Kisii County for
two seasons in the short rains 2015 and long rains 2016. The experiments were laid out in a
randomized complete block design with a split plot arrangement replicated thrice. The main plots
were intercropping arrangements of spider plant: African nightshade rows (intercrop ratios of
0:16, 1:14, 1:2, 1:3, and 1:4) and sub plots were fertilizer combinations of Farm Yard Manure
(FYM), urea (NPK: 46-0-0) and triple super phosphate (NPK: 0-46-0). Data on number of
branches per plant, number of leaves per plant and fresh leaf yield were measured. The total
fresh leaf yield was used for gross margin analysis. Nutrient status and balances were determined
for pH, Organic carbon, N, P and K analyzed before planting and after harvesting using nutrient
monitoring (NUTMON) tool box. The results indicated that fertilizer combinations had a
significant (P=0.05) effect on the number of branches and leaves per plant. The application of
urea (60kg N ha-1 ) +TSP (40kg P ha-1 ) resulted in the highest number of branches and leaves (10
branches and 32 leaves per plant) while application of FYM (60kg N ha-1 + 36 kg P ha-1 )resulted
in the lowest number of branches and leaves ( 6 branches and 21 leaves per plant). On total fresh
leaf yield, sole African nightshade supplied with Urea (60kg N ha-1 ) + TSP (40Kg P ha-1 )
resulted in the highest fresh leaf yield (35.1 tons ha -1 ). This however was not significantly
different from sole African nightshade supplied with urea (40 kg N ha-1 ) + TSP (30 kg P ha-1 ) +
FYM (20 kg N ha-1 + 9 kg P ha-1 ) that resulted in 32.5 tons ha-1. An intercrop ratio of 1:2
supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest fresh leaf yield (8.9 tons
ha-1 ). The results further showed that intercropping arrangements and fertilizer combinations had
a significant (P=0.05) effect on soil nutrient status and balances. In terms of nutrient status, plots
containing sole African nightshade and 1:4 intercrop ratio supplied with FYM (60 kg N ha-1 + 36
kg P ha-1 ) had a soil pH of 6.3 while plots with intercrop ratios of 1:2, 1:4, 1:3 and 1:14 supplied
with urea (60 kg N ha-1 ) + TSP (40 kg P ha-1 ) had a pH of 5.58. Further an intercrop ratio of 1:14
supplied with FYM (60 kg N ha-1 + 36kg P ha-1 ) resulted in 0.46% N while an intercrop ratio of
1:2 supplied with urea (40 kg N ha-1 )+ triple superphosphate (30 kg P ha-1 )+FYM (20 kg N ha-1 +
9kg P ha-1 )or urea (60 kg N ha-1 )+ triple superphosphate (40 kg P ha-1 ) resulted in 0.3% N and a
phosphorus content of 11.7ppm after harvest. Further, plots containing sole African nightshade
ix

as well as intercrop ratios of 1:3 1:4, and 1:14 supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 )
resulted in 8 cmolkg-1 K and 3 % C while plots supplied with urea (60 kg N ha-1 ) + triple
superphosphate (40 kg P ha-1 ) or urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) +
FYM (20 kg N ha-1 + 9 kg P ha-1 )resulted in 4 cmol kg -1 P across all intercropping arrangements.
Further, Sole African nightshade supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) recorded
nutrient balances of -9 kg N, -9.9 kg P and -5.4 kg K ha-1 yr-1 while an intercrop ratio of 1:2 with
an application of urea (60 kg N ha-1 )+ triple superphosphate (40 kg P ha-1 ) recorded nutrient
balances of -36.5 N, -25.2 P and -34.2 kg K ha-1 yr-1 . On gross margin analysis, African
nightshade grown at an intercrop ratio of 1:4 supplied with urea (60 kg N ha-1 ) + triple
superphosphate (40 kg P ha-1 ) resulted in highest gross margin of KES 294,243 followed by sole
African nightshade supplied with urea (60 kg N ha -1 ) + triple superphosphate (40 kg P ha-1 ) that
resulted in KES 276,091 while an intercrop ratio of 1:2 supplied with FYM(60kg N ha-1 + 36 kg
P ha-1 ) gave the lowest gross margins of KES 37,354.
It can therefore be concluded that intercropping arrangements and fertilizer application
influenced growth and yield of African nightshade, nutrient balances and gross margins. Further
increase in spider plant population and/ or farm yard manure with the corresponding reduction of
inorganic fertilizer resulted in low yields of African nightshade with low nutrient losses
compared to when only inorganic fertilizer was used. However, combined yields for both
vegetables with high ratios of inorganic fertilizer gave the highest gross margins. Therefore for a
profitable vegetable enterprise, farmers should grow African nightshade at an intercrop ratio of
1:4 with nutrients supplied from urea (60 kg N ha -1 ) + triple superphosphate (40 kg P ha-1 ) to
maximize on gross margins but for farmers who opt to grow a mono crop of African nightshade
then nutrients must be supplied from only inorganic fertilizers. However, for those farmers who
cannot afford inorganic fertilizers, can grow African nightshade at an intercrop ratio of 1:2
supplied with FYM (60 kg N ha-1 ; 36 kg P ha-1 ) since it is also profitable and facilitates reduction
in soil nutrient losses. Although these technologies will empower small scale farmer
economically, more has to be done to realize the most compatible vegetable intercrops with
African nightshade, that will enhance nutrient use efficiency, reduce production costs and
maximize gross margins.
Key words : African nightshade, farm yard manure, nutrient balances, gross margin
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CHAPTER ONE
INTRODUCTION
A huge potential is held by Africa’s diversity that will transform agricultural systems to
contribute to economic rejuvenation hence eradicate poverty (Salami et al. 2010). Kenya faces
major challenges of food security with over half of Kenyan population live under poverty line
with little access to healthy food (Government of Kenya 2010). This is as a result of prolonged
droughts, extreme poverty, poor agronomical practices and high population growth, in which the
current population is estimated at 42 million and expected to double by 2050 (Government of
Kenya 2011). Severe malnutrition and food insecurity caused by lack of enough food due to soil
fertility deterioration and floods has led to less production and over-reliance on some selected
crops like maize and millet that have inadequate essential nutrients for human health (Sands et al.
2000). Over-whelming reliance on cereals increases healthy problems that are escalating in most
of the developing countries majorly for children (Smith et al. 2000).
African nightshade is vitally an important source of micronutrients, fiber, vitamins and minerals
having essential components of a balanced and healthy diet (Kamga et al. 2013). In most of the
developing countries, about 43% of these requirements are met which in itself is difficult to
comprehend as vegetables are clearly a major potential source of cash income for small- holder
farmers and offer a much more effective way for subsistence farmers to grow themselves out of
poverty than growing starchy staples alone (Chadha and Mndiga 2007). Over the last few years,
African nightshade has made a breakthrough from being cultivated at homes to being
commercialized in big towns and served in big hotels (Chivenge et al. 2015). Because of the
promotions by NGOs and research and other same minded groups, the trend has drastically
1

changed based on nutritional awareness and benefits accrued to medicinal values that have seen
it become cultivated and commercialized vegetable (Abukusta-Onyango et al. 2004).
However, the only way to increase African nightshade production in marginal units of farming is
to increase productivity per unit area and time through intercropping and judicious fertilizer
application. Intercropping leads to efficient utilization of farm resources, increased production
per unit area, brings greater stability from season to season than sole cropping system and aid in
controlling pests and diseases. Besides, increased yields, modification of planting arrangement
and patterns of the base crop will make intercropping feasible and remunerative to farmers. In
regard to increased production, enhanced food production in sub Saharan Africa is dependent on
external nutrient inputs, especially Nitrogen, Phosphorous and Potassium of which is facilitated
by continuous cultivation with little or no supply of nutrients that leads to negative soil nutrient
balances (Cobo et al. 2010). Mineral fertilizer use has been limited because of low availability
and lack of purchasing power by small holder farmers (Morris et al. 2007). However, combined
use of inorganic fertilizers and farm yard manure is gaining recognition forming an important
part of management for soil fertility as key way of addressing soil healthy deterioration with low
external input systems (Vanlauwe et al. 2010a). Greater yield benefits can be achieved from
combining farm yard manure and inorganic fertilizer; however this depends on various factors
such as bio-physico chemical soil environment and intricate interaction effects among
intercropping systems (Chivenge et al. 2009; Giller et al. 2001a).
Nevertheless, soil nutrient balances must be calculated to estimate annual loading of nutrients
from agricultural soils which gives an indication of potential risk associated with nutrient losses
to the environment hence efficient and effective approach to slowing down nutrient losses is
required to maintain and/or increase crop productivity and sustainable agriculture in the long run
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(Gruhn et al.2000). Use of well modernized soil fertility systems that includes farm yard manure
and right quantities of inorganic fertilizers are critical in enhanced and sustainable vegetable
production. It provides wide choice for use of low external inputs to small scale farmers but most
of the farmers are still staggering on how much of these low external inputs to apply (Kimani et
al., 1998). Thus, farm-NUTMON tool will help in assessing the amount of both farm yard and
inorganic fertilizer farmers use and mining of soil nutrients through harvested crops, removing
crop residue, mineral leaching, and through run offs which will be the basis of how much to
supply for sustainable and increased crop production. Against this milieu, the main aim of the
study was to contribute towards enhanced African nightshade production in smallholder farming
systems through integration of spider plant in African nightshade prod uction combined with use
of farm yard manure and inorganic fertilizer application.
1.1 Statement of the proble m
Low leaf yields of 1-3 tons ha-1 against its potential of 35-40 tons ha-1 has led to low supply
below consumer demand of the African nightshade (ref..). Soil fertility depletion, particularly of
nitrogen, phosphorus and potassium, has been identified as a fundamental root cause of declining
crop productivity however the need to replenish these nutrients in food production has thus been
recognized for a long time (ref..). This is compounded by the general belief that traditional
vegetables are adapted to low fertility has led to low or no usage of fertilizers on these crops
coupled with paucity of information on intercropping arrangements and fertilizer applications in
the production of African nightshade (Opala et al. 2013).
There is inadequate research and information on the optimal production of African nightshade in
terms of intercropping systems and fertilizer applications which calls for the development of an
appropriate cropping system and fertilizer use that will unlock the potentiality of the vegetable.
3

1.2 Justification
African nightshade is often intercropped with other crops and rarely occupies the significant
portion of the farm however the intercropping systems and arrangements do not optimize its
production. Spider plant is among the indigenous vegetables that are highly nutritious, medicinal
value, source of income and it acts as an anti- feedant repellant to pests hence reduce the cost of
pesticides and pest severity on African nightshade. Sustainable intercropping arrangements will
increase food base and empower smallholder farmers economically with limited resource
available. Further the use of combined fertilizer sources (organic and inorganic) will not only
increase the yields of African nightshade but also will ameliorate soil properties that will lead to
sustainable crop production. This is opposed to the conventional methods of production of using
excess fertilizer or not using any fertilizer.
Regardless of yield reduction of the component crops, intercropping of African nightshade with
spider plant will facilitate better use of nutrients supplied from inorganic fertilizer and farm yard
manure hence reduce nutrient losses. In addition intercropping will increase nutritional diversity
and accrued economic benefits.
Generally appropriate cropping system and fertilizer combinations will unlock the potentiality of
the crop that will reveal enormous benefits; economically, health, environmental sustainability,
food security and conservation of biodiversity.
1.3 General objective
To contribute towards enhanced African nightshade production in smallholder farming systems
through spider plant integration in African nightshade production combined with fertilizer
applications from 3 tons to about 35 tons.
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1.3.1 Specific objectives
1. To evaluate the effect of intercropping arrangements combined with fertilizer applications on
growth and yield of African nightshade.
2. To monitor soil status and nutrient balances in different intercropping arrangements and
fertilizer combinations

3. To calculate Gross Margin analysis for different intercropping arrangements and fertilizer
combinations on the production of African nightshade
1.4 Hypothesis
1. Intercropping arrangements combined with fertilizer applications increase the growth and
yield of African night shade.

2. Inter cropping arrangements combined with fertilizer applications change the soil nutrient
status and balances.

3. Gross margins are increased by different cropping arrangements and fertilizer applications.

5

CHAPTER TWO
LITERATURE REVIEW
2.1 Background
African nightshade belongs to genus Solanum in solanaceae family that comprises of
approximately 90 genera and 3000 species and widely diversified in the tropics (Edmonds and
Chweya, 1997). African nightshade is one of the indigenous leafy vegetables cultivated in most
of small holder farmers’ fields in Kenya (Abukusta-Onyango et al. 2004). African nightshade has
been cultivated in Kenya for some years now that it is still regarded as an important crop
(Gockowski et al.2003). African nightshade provides increased food base and is the most
preferable vegetable in terms of nutrition compared to exotic vegetables in Kenyan Markets. The
vegetable is high in calcium, vitamins A and C and iron that are so beneficial to human health
(Schippers et al.2002).
The consumption of traditional vegetables is part of cultural custom, with lots of importance in
various communities’ heritage and helps in empowering women who are depended on in most of
the families (Chivenge et al., 2015). The adoption of exotic vegetables in sub Saharan Africa has
led to negative impact on cultivation and utilization of traditional vegetables. During colonial
periods, a neglecting of the traditional vegetables was done and efforts were made to promote the
exotic vegetables. Diversified diet is critical for providing adequate nutritional quality through
adoption of a sustainable food‐based strategy that points on increasing consumption of leafy
vegetables, fruits and legumes in a cost‐effective intervention method to control nutrient
deficiencies and human disorders (Gockowski et al., 2003). Even if traditional leafy vegetables
contribute largely in nutritional improvement, food security, increased income and better
livelihoods for small holder farmers, its potential to meet the burgeoning demand for
6

consumption has not been exploited fully due to lack of quality seeds (Onim and Mwaniki,
2008).
2.2 Production status and consumption of African nightshade in Kenya
Contrary to its potential, Africa still struggles with malnutrition problems, of which it is well
diversified in terms of indigenous vegetables which are rich in micronutrients (Oniang‘o et al.
2005). Consumption of vegetables per capita, in sub-Saharan Africa is still low compared to
other regions. It is evident that utilization of traditional vegetables in developed countries
increased significantly, while sub-Saharan Africa showed decline of vegetables per capita
consumption (Segre et al. 1998). However, it is emerging that African nightshade is much now in
prestigious hotels and events (Shiundu and Oniang‘o, 2007). Consumers are becoming
increasingly aware of the nutritional and medicinal value of this vegetable. This has led to an
upsurge in the demand in the demand leading to an estimated production and consumption of
about thirty tones in urban areas (Mwangi and Mumbi 2006) however production and
consumption estimates for the whole country has not been documented.
2.3 Requirements for African nightshade production
The vegetable is propagated through seeds and performs better in various climatic conditions, but
grows best in cool, high moisture conditions for both medium and high altitudes (AbukustaOnyango et al. 2004). Shaded conditions may cause a reduction in plant weight and fresh leaf
yield. Nevertheless, African nightshade tolerates shade; it grows better when exposed to full
sunlight with an annual rainfall of about 500–1200 mm. It grows in a variety of soils however
requires more soil nutrients supplied externally if the soils are not fertile and is best adjusted to
soils with high nitrogen, phosphorous and high in organic matter (Abukusta-Onyango et al.
2004). With usually shorter growing periods than other traditional crops, traditional vegetables
7

can be less affected by environmental factors such as temperature and lack of moisture. The
vegetables require small space than other crops, can optimize on readily available resources, well
adapted to unfavorable environmental conditions easier to grow in comparison to their exotic
vegetables (Tenkouano 2011).
African indigenous vegetables can produce seed under tropical conditions unlike the exotic
vegetables. They have a short growth period with most of them being vegetables ready for
harvesting within 3-4 weeks, and respond very well to organic fertilizers. African nightshade can
withstand and tolerate some biotic and environmental stresses. They can also flourish under
sustainable and environmental friendly cropping conditions like intercropping and use of
organics.
2.4 importance African nightshade
Traditional vegetables contain high micronutrients contents, antioxidants (Yang and Keding
2009), and other health-related phytochemicals. The antibiotic, probiotic and prebiotic properties
of vegetables can restore the balance of beneficial decomposing bacteria in the digestive tract
(Veluri et al. 2004). Enhanced consumption of this vegetable and a more diverse of nutritious
food help in addressing the saddle of problematic infections and diseases. Increased fruit and
vegetable utilization is being promoted for their health benefits of phyto-chemicals associated
with the prevention and controlling of problematic diseases (Steinmetz and Potter1996). African
nightshade is used as medicine and remedy for hepato- megaly, spleno- megaly, edema, and
gonorrhea, epilepsy, controlling diuretic, emmena-gogue and application for skin swellings,
abscess, ulcers, and for gastric upsets. The vegetable also has medicinal values among African
communities who use decoction and leave extract in some ethno medicinal preparations
particularly majorly for dysentery treatment (Ambasta et al. 1992). African nightshade is
8

nutritious, rich in β-carotene, minerals; iron, calcium and protein majorly methionine, and
essential amino acid (Abukutsa-Onyango, 2004). African nightshade supply abundant amounts
of protein, vitamins, calories and minerals that could help alleviate problems of malnutrition,
poverty and lack of food in sub Saharan Africa. It is among the important traditional leafy
vegetable consumed by various rural communities. With the introduction of exotic vegetables in
Kenya, utilization of traditional vegetables declined hence narrowing down the vegetable food
base and subsequently reduced vitamins, minerals and protein sources, which are usually
available in vegetables (Abukutsa-Onyango, 2004).Vegetables are important in human diet in
providing essential micronutrients which ensure health development of the human body
(Abukutsa-Onyango, 2004).
African nightshade has considerable potential as cash income earner, enabling low income
farmers in the rural communities to earn a living (Schippers, 2000, Onyango, 2003). Socioeconomic survey on traditional vegetables conducted in various parts of Africa particularly in
Central, Western and Eastern Africa (Abukutsa-Onyango, 2002; Schippers 2000) revealed that
indigenous vegetables are important commodities in household food security. This will provide
employment opportunities and generate income for the rural population.
Decline in consumption of traditional vegetables was due to a move towards exotic vegetables,
which were perceived to be higher in nutritional, social values and high yielding. However, a
problem of environmental deterioration, land fragmentation, more water requirements, diseases,
pests and high prices of inorganic fertilizers have reduced reliability of exotic vegetables and
have constricted down the availability of vegetable food base in most households especially the
small holder farmers (Mwai et al. 2007).
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2.5 Soil fertility
Increased crop productivity is the aim of every producer and cannot be achieved without
effective nutrient management. The sole application of inorganic fertilizers has not been of much
importance in vegetable production because it leads to soil degradation at long run, though they
contribute to higher yield in comparison with organic manure alone. Continuous use of inorganic
fertilizer as the main source of nutrients leads to rapid decline in crop yields because of
acidification and soil compaction (Achieng et al. 2010). Permanent cultivation with no fertilizer
application has been associated with soil fertility decline with reduced crop yields as a result.
Reduction of crop yield is facilitated by decline of organic matter that automatically results in
reduced soil pH, nutrient alteration leading to low crop yields. However, sole inorganic fertilizers
applications can be problematic to humans and environment as well (Ayoola and Makinde,
2007). Subsequently, excessive usage of inorganic fertilizers by farmers to achieve high yield as
they are considered a major source of plant nutrients leads to environmental and soil pollution.
There are several options for restoring and maintaining soil fertility for instance by integrating
farm yard manure and mineral fertilizers and recycling part of the nutrients through use of
manures or decomposed crop residues in the field so as to offset the nutrient removed by crops in
the field and those which are lost via volatilization, leaching and run off (Aluko et al. 2014). The
use of integrated organic manure and mineral fertilizers is a critical management strategy of soil
fertility in most developing countries (Wen-Jie et al.2011). This is because it aims at alleviating
the limiting nutrients and improves their availability from the soil reserves.
African nightshade is critical in food availability, nutrition and income creation. Small scale
holder farmers produce low yields from African nightshade of about 3 tones ha-1 that is below
the optimal levels of about 40 tones ha-1 (Abukutsa-Onyango et al., 2010). The decline in yields
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is caused by soil fertility deterioration majorly soil macro nutrients such as phosphorus,
potassium, calcium and organic carbon. Supply of macronutrients should be supplied to the
plants proportionally to maximize on yields (El Sheikha et al. 2016). Deficiency of soil
Potassium has been shown to limit vegetable production in some parts of western Kenya, like
Vihiga, Mumias and Kakamega (Gikonyo et al., 2003). 53% of small- scale farmers in these
regions apply farm yard manure for improving African nightshade production (Ndinya 2003).
Organic farm yard manure has significant amounts of potassium (Wanjekeche et al. 2003) and
when combined with inorganic fertilizers hence the yield of African nightshades is improved
compared to sole application of inorganic fertilizers (Aluka et al. 2014).
2.5.1 Farm yard manure
Farm yard manure has several advantages on the soil improvement and vegetable production. As
an amendment for soil fertility, it can be applied as a source of external soil nutrients and mulch
to raise temperatures of soils. It provides an option for weed control and be used in an integrated
weed management strategy. Farm yard manure is generally environment friendly that can serve
as an option strategy to control on use of mineral fertilizers as they aid in improving soil
structure, soil organic carbon and microbial biomass (Suresh et al. 2004).They provide some
quantities of major and micro nutrients resulting to an impact on soil over a long period. Even
though few farmers have produced African nightshade with application of farm yard manure, no
detailed study has been recognized for use by the wider small scale farmers in Kenya. Increased
application of mineral fertilizers in sub Saharan Africa calls for a convenient intervention with
high yields through sustainable production which can be obtained and maintained by promoting
the application of organic manures though they have the limitation of being very low in nutrient
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content per unit weight compared to inorganic fertilizers and slow in their nutrient release
(Ndinya 2003).
2.5.2 Inorganic fertilizers
There are abundant evidences that inorganic fertilizers can improve yield of crops significantly
(Ojeniyi, 2002). Mineral fertilizers improves crop production and soil pH, total nutrient content,
and availability of nutrients, however their application is minimal due to scarcity, high cost,
nutrient imbalances and soil acidity (Akanbi et al. 2010).They may also facilitate indirectly to an
increased soil microbial organisms by increasing the amount of crop remains returned to the
soils, although the long-term application of inorganic nitrogen fertilizers may cause a decrease in
microbial organism abundance and biomass. Total dependence on inorganic fertilizers however
does not provide the panacea to soil management and crop productivity problems (Ojeniyi,
2002).Growers may apply excessive nitrogen pollution and nitrate accumulation in vegetables,
hence posing health problems to consumers (Akanbi et al. 2010).

Limited agronomic technologies have been identified as a constraint facing African nightshade
production. The use of nitrogen in increasing yields especially in traditional vegetables is a wellrecognized practice. Soil nitrogen deficiency exerts its effects on plants through reduced leaf area
index and hence low light interception and low dry matter production leading to low yields
(Ndegwa et al. 2011). In addition, the leaf nitrogen content correlates well with the leaf
chlorophyll content, hence nitrogen deficiency leads to reduced photosynthesis that results to low
biomass accumulation (Zhao et al. 2005). Under limited nitrogen application, plants may respond
by reducing leaf area and hence maintain the leaf nitrogen concentration which has been evident
in Irish potato. Another strategy is to maintain a high leaf area, but adapt the leaf nitrogen
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concentration to nitrogen availability as demonstrated in maize (Vos et al. 2005). A clear
indication of the response of African nightshades to wards limited nitrogen supply is critical in
the efforts to integrate them into the mainstream of vegetable production.
However, the most serious malnutrition effects are a result of inadequate utilization of vegetables
rich in micronutrients usually referred to as hidden hunger. Micronutrient malnutrition results in
impaired intellectual development, anemia, blindness, and mortality in children; and is
accompanied with increased problems of cardiovascular diseases, diabetes, obesity and
decreased worker productivity. The paradox is that while these malnutrition problems are
prevalent, Kenya and other African regions on the continent are endowed with agricultural
biodiversity (Schippers, 2000), which could significantly contribute to resolution of the problem.
Therefore this study will heart on appropriate cropping systems and integrated nutrient
management to address issues of environmental degradation, food secur ity and economic
empowerment. Intercropping will increase food base availability at affordable overheads while
use of farm yard manure and inorganic fertilizer will cuddle environmental sustainability.
2.6 Inte rcropping
Intercropping is the cultivating of two or more crops in the same space and at the same time as
commonly done by smallholder farmers (Seran & Brintha, 2010). It is known to make a more
efficient use of growth factors as they capture and make a better use of radiant energy, available
water and nutrients (Matusso et al. 2012). It also helps in effective utilization of land, soil
moisture, nutrients and solar radiation. This is brought about by choosing appropriate vegetables
of varying morpho-physiological nature and planning their planting geo metry to reduce mutual
competition for resources and enhance complementarities to increase overall productivity
(Gurigbal, 2010). The low input and high risk environment of the smallholder farmer benefits
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enormously from intercropping that has an ability to combat erosion and raise soil fertility levels
(Matusso et al. 2012). Flexibility, maximization of profit, minimization of risk, soil conservation
and soil fertility improvement are some of the principal reasons for smallholder farmers to
intercrop their vegetables (Matusso et al. 2012). Further to that, they have the potentials to give
higher yield than sole crops, greater yield stability and efficient use of nutrients (Seran &
Brintha, 2010). However, intercropping can lead to reduction in yield of component crop due to
intense competition (Thole, 2007). But this can be overcome by basic morpho-physiological
changes and agronomic features such as fertilizer application, sowing time, and proportion of
crop mixture which are basic determinants of competition between component crops. Where
constituent crops are arranged in certain rows, the degree of competition is determined by the
comparative growth rates, growth duration and proximity of roots of the diverse crops (Thole,
2007). However, vegetable intercrops are greatest productive when the component crop varies
greatly in growth duration so that their maximum condition for growth resources occurs at
different periods (Ijoyah, 2012). Thus, the choice of accurate cultivars and agronomic
manipulations to certify the most effective use of limiting resources is key part for high crop
yield (Thayamini & Brintha, 2010).
2.7 Monitoring Nutrient flows
Over a decade in sub-Saharan Africa, more attention has been given in estimation and
quantification of nutrients flows in the agricultural fields. In many areas of Kenya soil fertility
levels tend to decline further as farmers are mining nutrients through harvested products, crop
residues and nutrient losses through leaching, gaseous losses and soil erosion (Lesschen et al.
2003). The capacity of soil reservoir to perform the critical function to support crop production is
undergoing degradation and deterioration due to nutrient depletion hence soil fertility levels
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should be monitored to provide early caveat on adverse trends which ultimately enable farmers
to implement target interventions (Kathuku et al. 2007).
Nutrient monitoring is a method of quantifying nutrient inflows and outflows resulting in
nutrient balance. The nutrient balances determined at individual level activities at farm level
serves as a useful indicator to provide an insight on nutrient losses (Vlaming et al. 2001). Farm
NUTMON tool integrates assessment of stocks and flow especially Nitrogen, Phosphorous and
Potassium (Kathuku et al. 2007). The tool calculates flows and balances of macro-nutrients
through independent assessment of major inputs and outputs. It is based on a set of five inflows
and five outflows (IN 1-5; mineral fertilizer, organic fertilizer, atmospheric deposition, biological
nitrogen fixation and sedimentation, OUT 1-5 harvested products, removal of crop residues,
leaching, gaseous losses and erosion (Vlaming et al. 2001). Thus NUTMON provides a quick
method for monitoring agricultural technologies employed by farmers.
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CHAPTER THREE
EFFECTS OF INTERCROPPING ARRANGEMENTS AND FERTILIZER
APPLICATION ON GROWTH AND YIELD OF AFRICAN NIGHTSHADE (solanum
nigrum L.)
Abstract
The study evaluated the effects of intercropping arrangements and fertilizer combinations on
growth and yields of ANS (Solanum nigrum L.). The study was carried at Kenya Agricultural
and Livestock Research Organization in Kisii County. The experiments were laid out in a
complete randomized block design with a split plot arrangement replicated thrice. The main plots
were intercropping arrangements of spider plant: African nightshade rows and sub plots were
fertilizer combinations of Farm yard manure (FYM), urea and triple super phosphate (TSP).Data
on the number of branches per plant; number of leaves per plant, and total fresh leaf yield were
measured. Fertilizer combinations had a significant (P=0.05) effect on number of branches and
leaves per plant. Application of urea (60kg N ha-1 ) +TSP (40kg P ha-1 ) resulted  in the highest
number of branches and leaves (10 branches and 32 leaves per plant) while the sole application
of FYM (60kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest number of branches and leaves per


plant ( 6 branches and 21 leaves per plant). On total fresh leaf yield, the results indicated that

there was a significant (P=0.05) interaction between intercropping arrangements and fertilizer
combinations. Sole African nightshade supplied with Urea(60kg N ha-1 ) + TSP(40Kg P ha-1 )
resulted in the highest total fresh leaf yield (35.1 tons ha -1 ) which was not significantly different
from sole ANS supplied with urea (40 kg N ha-1 ) + TSP (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9
kg P ha-1) that obtained 32.5 tons ha-1 . Therefore to boost ANS production, an application of
urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 )
combined with intercrop ratio of 1:14 will be the most appropriate production package. But for
those farmers who prefer to grow sole African nightshade, then a combination of urea (40 kg N
ha-1 ) + TSP (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) will be the most appropriate to
boost the fresh leaf yield of the vegetable.
Keywords : number of branches, number of leaves, total fresh leaf yield
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3.1 Introduction
African nightshade is one of the leafy vegetables in the solanaceae family, largely domesticated
in sub-Saharan Africa (Abukusta-Onyango et al. 2004). It is known because of its nutritional,
medicinal value and a source of livelihood; rich in iron, calcium vitamins A and C (Yang et al.
2009). African nightshade is a valuable source of nutrients and income generation for small- scale
farmers in sub-Saharan Africa and is incorporated in the main meals for urban inhabitants.
Consumption, demand, and market value of this vegetable have rapidly and steadily risen as
consumers become aware of their nutritional, economical and medicinal values. In recent years,
the resurgence in popularity has prompted rapid domestication and commercialization of
nightshade production, from subsistence to commercial farming on contract for municipal, urban,
super markets and hotel chains (Abukutsa-Onyango 2003; Mwai and Schippers 2004).
The vegetable is normally grown in home gardens and usually intercropped with other
vegetables or cereals like maize, sorghum or millet (Obuoyo, 2005). It has been shown that the
nutrient content of the vegetable is sufficient in providing daily allowance of nutrients for people
in terms of iron, calcium, b-carotene, ascorbic acid and protein (Abukutsa-Onyango, 2003).
African nightshade has not been exploited fully in terms of food, nutrition and economically in
an endeavor to eradicate poverty. Some of the main hindrances in production of this Vegetable
include poor seed quality, low yields and poor marketing and dispensation strategies. The
cultivation of this vegetable is dynamic, ecologically based natural resource conservation whose
presence or lack of it depends on human activity, local knowledge and their culture (Maffi and
Woodley, 2010). The African nightshade is characterized by fast growth, tolerance to ecological
conditions and provision of nutrients (Adebooye and Opabote, 2004). With intensified
commercial agriculture and increased population, among other factors, more land is converted to

17

commercial agricultural production at the expense of the indigenous vegetables (Netondo et al.
2010) consequently eroding the diversity of this vegetable.
Soil fertility and plant nutrition are important aspect of cropping system and these include
adequate supply of essential nutrients for soil productivity, plant nutrition and qualitative crop
yield (Chang et al. 2014). The availability of these nutrients to plant contributes a lot to its
growth and yield but deficiency of mineral elements essential for plant crop is evident in poor
yield and yield quality (Yang et al. 2012). Adequate supply of mineral elements is of importance
in the tropics where the soil is poorly formed and continuous cropping is on the increase,
however any sustainable crop production, soil fertility amelioration is essential (Aluko et al.
2014).
Adequate soil fertility is essential for sustainable vegetable production. Tropical soils are
inadequate in soil nutrients. Thus, the application of fertilizer or manure for amelioration of soil
fertility is an integral part of leafy vegetable production (Aluko et al. 2014). Leafy vegetables
require nitrogen for good vegetative growth (Kipkosgei et al. 2003). The quality of the harvest
and storability are influenced by the availability of essential minerals in balanced proportion.
Any deviation from the balanced proportion of nutrients is easily noticed on the leaves of
vegetable crops as deficiency symptoms hence reduced crop yield.
In addition, African nightshade production has been shown to be constrained by pests and
diseases which severely impact the quantity and quality of its yield (Hassan et al., 2010) causing
between 5 -12% yield losses (Sikora and Fernandez, 2005). Disease incidence of up to 60% on
African nightshade in parts of Kenya affects the yield and growth of vegetables. Pests and
diseases lead commonly to an overuse of chemical pesticides in small scale and commercial
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production systems, causing well-known toxicological and environmental problems (Sikora and
Fernandez, 2005). More sustainable integrated pest and disease management is therefore a high
priority, furthering the production of healthy vegetables are important sources of human nutrients
and household incomes.
Intercropping vegetables with other crop species is increasingly gaining popularity as a potential
alternative to the use of chemicals (Trdan et al. 2005a, b; Trdan 2006). Intercropping with
commonly used vegetable crop fits into environmentally acceptable and sustainable crop
production practices widely adopted by smallholder farmers. This concept entails growing two or
more economic species together for at least a portion of their respective productive life cycle,
planting them sufficiently close to each to allow for inter-specific competition (Kabura et al.
2008). Benefits of intercropping include; optimal use of resources, stabilization of yield, weed
suppression, improved soil fertility conservation and higher economic returns (Blaser et al. 2007;
Trdan et al. 2005a; Kabura et al. 2008).The aim of the study was therefore to investigate effects
of intercropping arrangements and fertilizer combinations on growth and yield of African
nightshade.
3.2 Materials and methods
3.2.1 Site description
The study was conducted at KALRO, Kisii County, Kenya between February 2015 and February
2016. Kisii County lies between Longitudes: 34° 46’ E and Latitudes: 0° 41’ S. It receives a
bimodal type of rainfall with both long and short rain season having a mean of 1500mm p.a. The
long rains are received between March and June with a mean of 790mm and the short rains are
received between September and November with a mean of 500mm. The area experiences a
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maximum temperatures of 30o C and minimum temperatures of 15o C.The soils are well drained
with (nitsols) with large amounts of organic matter (Soil handbook of Kenya 2000). Main
economic activities of the inhabitants are crop farming, small scale trade, dairy farming,
commercial businesses and soapstone carvings.
3.2.2 Experime ntal design and treatments
The experiment was laid in a randomized complete block design with three replications with a
split plot arrangement replicated three times. The main (4.8 by 11m) plots consisted of
intercropping arrangements;(i) sole African nightshade, (ii) spider plant surrounding 14 rows of
African nightshade (1:14),(iii) one row of spider plant intercropped with 2 rows of African
nightshade (1:2), (iv) one row of spider plant intercropped with 3 rows of African nightshade
(1:3) and (v) one row of spider plant intercropped with 4 rows of African nightshade (1:4). In the
sub plots (4.8 by 1.8m),fertilizer combination were; (i) pure FYM (60 kg N ha -1 + 36 kg P ha-1 ),
(ii) pure inorganic fertilizer- urea (60 kg N ha-1 ) + TSP (40 kg P ha-1 ), (iii) urea (30 kg N ha-1 ) +
TSP (20 kg P ha-1 ) + FYM (30 kg N ha-1 + 18 kg P ha-1 ), (iv) urea (20 kg N ha-1 )+ TSP (10 kg P
ha-1 ) + FYM (40 kg N ha-1 + 27 kg P ha-1 ), (v) urea (40 kg N ha-1 ) + TSP (30 kg P ha-1 ) +
FYM (20 kg N ha-1 + 9 kg P ha-1 ).At planting urea and tri- superphosphate were banded together
while farm yard manure was applied two weeks prior to planting at rates that depended on the
treatment for each plot.
3.2.3 Agronomical practices
The plots were ploughed and harrowed before planting using hand hoes. Furrows were made and
five seeds of both spider plant and African nightshade (depending on the intercrop arrangement)
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were sown directly at a spacing of 30 cm x 15 cm and thereafter thinning was done to one plants
per hole giving a total of 16 rows per plot. Hand weeding was done regularly to ease competition
from weeds and the crop solely depended on rainfall.
3.2.4 Data collection
Five plants from each sub plot were tagged for data collection on number of branches, number of
leaves and the total leaf yield. Data collection for all variables started at week five after planting
and continued on a weekly basis for a period of seven weeks when crop yields declined. The
number of branches per plant was recorded by counting the number of branches from each five
tagged plants and the mean was takenwhile the number of leaves per plant was determined by
counting fully expanded leaves from each of the five tagged plants and the mean was taken. For
the total leaf yield from all the five tagged plants were harvested and weighed using an electronic
weighing balance and the mean was used to calculate total fresh leaf yield per plot given the
number of plants in the plot which was then converted to fresh leaf yield per hectare.
3.3 Data Analysis
Data was subjected to analysis of variance (ANOVA) using GENSTAT version 15. (Payne et al.
2011) and means were separated using Fisher’s protected LSD at 5% to identify differences
between treatments.
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3.4 RESULTS
3.4.1 Number of branches
There were no significant interaction effects of intercropping arrangements and fertilizer
combinations however results indicated that fertilizer combinations had a significant (P=0.05)
effect on the number of branches per plant (Table 3.1).
Table3.1: Effects of fertilizer combinations on the numbe r of branche s per plant of African
nightshade (Solanam nigrum L)

Fertilizer Combinations

No. of branches/plant

60kgN/ha urea + 40kgP/ha TSP

10a

40kgN/ha urea + 30kgP/ha TSP +20kgN/ha FYM

9b

30kgN/ha urea + 20kgP/ha TSP +30kgN/ha FYM

7c

20kgN/ha urea + 10kgP/ha TSP +40kgN/ha FYM

7c

60kgN/ha farm yard manure

6d

LSD = 0.4 CV= 6.9
N=5. Means followed by the same letter along a column are not significantly different (P≤0.05).

Application of urea (60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) fertilizer resulted in
the highest number of branches per plant (10 branches per plant) followed by fertilizer
combination of urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 +
9 kg P ha-1 ) that recorded 9 branches per plant, urea (30 kg N ha-1 ) + triple superphosphate (20
kg P ha-1 ) + FYM (30 kg N ha-1 + 18 kg P ha-1 ) and urea (20 kg N ha-1 ) + triple superphosphate
(10 kg P ha-1 ) + FYM (40 kg N ha-1 + 27 kg P ha-1 ) both of which recorded 7 branches per plant
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(Table 3.1).The application of pure FYM(60kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest
number of branches per plant (6 branches per plant) (Table 3.1).
Similarly, intercropping arrangement had a significant (P=0.05) effect on the number of branches
per plant (Table 3.2). The highest number of branches per plant (9 branches per plant) was
obtained when African nightshade was grown as a pure stand. However, this was not
significantly different from the number of branches obtained when African nightshade was
grown at an intercrop ratio of 1:14 (spider plant as border rows), 1:3 and 1:4 that resulted in 8
branches per plant (Table 3.2).
Table3.2: Effects of inte rcropping arrangements on the number of branches of African
nightshade (Solanum nigrum L.)
Inte rcrop row arrangement

Number of branches/plant

Sole African nightshade

9a

Spider plant: African nightshade 1:14

8ab

Spider plant: African nightshade1:3

8ab

Spider plant: African nightshade 1:2

7b

Spider plant: African nightshade 1:4

8ab

LSD = 1.0 CV= 7.5
N=5. Means followed by the same letter(s) along a column are not significantly different
(P≤0.05).
Growing of African nightshade at an intercrop ratio of 1:2 recorded significantly lower number
of branches per plant (7 braches per plant).However, this was not statistically different from the
number of branches per plant obtained when African nightshade was grown at intercrop ratios of
1:14, 1:3 and 1:4 (Table3.2).
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Treatments with higher rates of inorganic fertilizer resulted in higher number of branches per
plant compared to treatments with pure farm yard manure. The nitrogen and phosphorous from
the inorganic fertilizer have been shown to be more readily available for plant uptake compared
to that supplied by farm yard manure (Powlsen et al. 2014). Nitrogen is an essential element and
important determinant in growth and development of vegetables. It plays an important role in
chlorophyll, protein, nucleic acid, hormone and vitamin synthesis and also helps in cell division
and cell elongation hence facilitates more shoot formation (Miller, 2010).Adequate supply of
phosphorus early in plant life is important in laying down the primordial for plant growth. It is
also an essential constituent of majority of enzymes which are responsible in the transformation
of energy in carbohydrate metabolism, fat metabolism and also in respiration that stimulates
shoot formation in vegetables (Fink et al. 1999). Therefore with synergetic influence of nitrogen
and phosphorus, there is a possibility of more photosynthates being allocated for new branch
formation. This therefore can be attributed to the high number of branches recorded in this study
when a combination of urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) or urea (40 kg
N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM(20 kg N ha-1 + 9 kg P ha-1 ) fertilizer was
applied. Gambo et al. (2008) working with onion; Babajide et al. (2008) working with tomato
and Mahadeen and Ouda, (2008) working with broccoli reported that the use of pure farm yard
manure results in reduced number of branches while incorporation `of organic and inorganic
fertilizers results in more branches per plant. Similarly, Kopkosgei et al. (2003) working on
fertilizer application on African nightshade reported that a combination of farm yard manure and
inorganic fertilizer in which, the percentage of the inorganic fertilizer is higher than that of the
organic fertilizer increases the number of branches produced per plant.
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In addition, intercropping arrangements significantly influenced the number of branches of
African nightshade. The sole African nightshade obtained higher number of branches compared
to all other intercrop ratios. This could be due to below and above ground competition between
spider plant and African nightshade for available soil  nutrients, space, light and CO 2 . It could be
possible that there was completion of available nutrients by the two crops and reduced number of
branches of African nightshade per plant. Besides, plant architecture plays an important role for
shoots in intercropping arrangements (Liu et al. 2010). Spider plant and African nightshade have
different architecture and growth habits which could be the reason for decreased number of
branches compared to sole African nightshade. These results agree with those of Schnieders
(1999) working with Solanum nigrum intercropped with Witloof chicory that showed that
African nightshade at a ratio of witloof chicory: Solanum nigrum (1:2) produces less number of
branches per plant compared to the respective mono crops.
3.4.2 Number of leaves
The results indicated that fertilizer combinations had a significant (P=0.05) effect on the number
of leaves per plant (Table 3.3). Application of urea (60 kg N ha-1 ) + triple superphosphate (40 kg
P ha-1 ) resulted in the highest number of leaves (32 leaves per plant). However this was not
statistically different from application of urea (40 kg N ha -1 ) + triple superphosphate (30 kg P
ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) that resulted in 31 leaves per plant, followed by a
combination of urea (30 kg N ha-1 ) + triple superphosphate (20 kg P ha-1 ) + FYM (30 kg N ha-1 +
18 kg P ha-1 ) that recorded 27 leaves per plant (Table 3.3). An application of FYM (60 kg N ha1

+ 36 kg P ha-1 ) resulted in the lowest number of leaves (20 leaves per plant). This was not

significantly different from the number of leaves per plant that resulted from a combined
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application of urea (20 kg N ha-1 ) + triple superphosphate (10 kg P ha-1 ) + FYM (40 kg N ha-1 +
27 kg P ha-1 ) that resulted in 20 leaves per plant (Table 3.3).
Table3.3: Effects of fertilizer combinations on the numbe r of leaves/plant of African
nightshade (Solanam nigrum L)

Fertilizer Combinations

No. of leaves/plant

60kgN/ha urea + 40kgP/ha TSP

32a

40kgN/ha urea + 30kgP/ha TSP +20kgN/ha FYM

31a

30kgN/ha urea + 20kgP/ha TSP +30kgN/ha FYM

27b

20kgN/ha urea + 10kgP/ha TSP +40kgN/ha FYM

21c

60kgN/ha farm yard manure

20c

LSD = 1.82 CV= 9.7
N=5. Means followed by the same letter along the column are not significantly different
(P≤0.05).
The results further showed that intercropping arrangement had a significant (P=0.05) effect on
the number of leaves per plant (Table 3.4). The highest number of leaves (29 leaves per plant)
was obtained when African nightshade was grown as a pure stand. However this was not
significantly different from 27 leaves per plant that was obtained when African nightshade was
grown at an intercrop ratio of 1:14 (spider plant as border rows) (Table 3.4). This was followed
by intercrop ratios of 1:4 and 1:3 that resulted in 26 leaves and 25 leaves per plant respectively,
however they were not significantly different when African nightshade was grown at an
intercrop ratio of 1:14 (Table 3.4). Besides, growing African nightshade at an intercrop ratio of
1:2 recorded the lowest number of leaves per plant (20 leaves per plant).

26

Table3.4: Effects of intercropping arrange ments on the numbe r of leaves/plant of African
nightshade (Solanum nigrum L.)
Inte rcrop row arrangement

Number of leaves/plant

Sole African nightshade

29a

Spider plant as border rows 1:14

27ab

Spider plant: African nightshade1:3

25b

Spider plant: African nightshade 1:2

20c

Spider plant: African nightshade 1:4

26b

LSD = 2.87 CV= 6.0
N=5. Means followed by the same letter(s) along a column are not significantly different
(P≤0.05).

Treatments with higher rates of inorganic fertilizer resulted in higher number of leaves per plant
compared to treatments with pure farm yard manure. Nitrogen is an essential element required
for successful plant growth. Application of inorganic and farm yard manure increases the
nitrogen, phosphorus, and potassium content in soil (Watts et al. 2010). These nutrients are
essential constituents of majority of enzymes which are responsible in the transformation of
energy in carbohydrate metabolism, fat metabolism and also in respiration that stimulates leave
formation in vegetables (Fink et al. 1999). Besides, phosphorous is a constituent of nucleic acid,
phytins and phospholipids (Ndakemi and Dakora, 2007). Research has also been shown that
there exists a synergetic effect of inorganic fertilizers and farm yard manure in facilitating new
leaf formation. This therefore can be attributed to the high number of leaves recorded in this
study when combination of urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) or urea (40
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kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) fertilizer
was applied. Makinde et al. (2013) working on amaranths, reported that inorganic fertilizer
results in a high number of leaves per plant, however, a combination of inorganic fertilizer and
organic fertilizer at the ratio of 2:1 (inorganic: organic) for the supply of nitrogen in this study
resulted in number of leaves per plant that was not significantly different from that obtained
when pure inorganic fertilizer was used.

The complementary application of organic and

inorganic fertilizers has been found to meet the immediate soil nutrient deficits, improve the soil
physical properties and enhance yield stability (Aluko et al. 2014).
Further, intercropping arrangements significantly influenced the number of leaves of African
nightshade. The sole African nightshade and 1:14 intercrop ratio obtained higher number of
branches compared to other intercrop ratios. This could be attributed to below and above ground
competition for light, nutrients, space and CO 2 . However, growth synchronies as well as canopy
design could be also the main mechanisms that contributed to this intercropping performance.
These results agree with the findings of Santos et al. (2002) working on broccoli, who reported
that intercropping broccoli with cauliflower results in reduced number of leaves compared to
mono crops. Besides, Matusso et al. (2014) working with soybean - maize intercrop reported that
maize mono crop intercepted more light and hence higher number of leaves and leaf index area.
However it has been reported that a greater yield advantage can be realized when the component
crops have complementary growth patterns in terms of growth rate, maturity, and plant
architecture (Ghosh et al. 2006). 
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3.4.3 Total fresh leaf yield
The results showed that there was a significant (P=0.05) interaction between fertilizer
combinations and intercropping arrangements on total fresh leaf yield of African nightshade
(Tables 3.5).The sole African nightshade (0:16) supplied with fertilizer combination of urea (60
kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) resulted in the highest leaf yield (35.1 tons ha 1

)that was  not significantly different from that obtained when African nightshade was supplied

with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha1

) (32.5 tons ha-1 ) at the same intercropping arrangement (Table 3.5).

Table3.5: Effect of inte rcropping arrange ments and fertilizer combination on fresh leaf
yield (tons /ha) of African nightshade (Solanum nigrumL.)
FRES H LEAF YIELD (tons ha-1)

Fertilizer combinations

Intercropping arrangements (S pider plant: African nightshade
S ole ANS

1:14(S P as border )

60kgN/ha urea + 40kgP/ha TSP

35.1a

29.3bc

40kgN/ha urea + 30kgP/ha TSP +20kgN/ha FYM

32.5ab

30kgN/ha urea + 20kgP/ha TSP +30kgN/ha FYM

1:3

1:2

1:4

21.8ef

18.2fgh

23.8de

27.3cd

21.3efg

15.9hij

23.5de

21.7efg

17.8ghi

15.0hijk

11.8kl

16.4hi

20kgN/ha urea + 10kgP/ha TSP +40kgN/ha FYM

18.7fgh

17.3hi

14.0ijk

10.0l

15.9hij

60kgN/ha farm yard manure

15.8hij

15.1hijk

12.2jkl

8.9l

9.2l

LSD= 3.8585 CV= 10.8

N=15. FYM-farm yard manure, TSP-Triple superphosphate, Means followed by the same
letter(s) is not significantly different (P≤0.05).

This was followed by an intercrop ratio of 1:14 (spider plant grown on the border rows) supplied
with either urea (60kg N ha-1 ) +triple superphosphate (40kg P ha-1 ) that produced 29.3 tonsha-1 or
supplied with urea (40kg N ha-1 ) + triple superphosphate (30kg P ha-1 ) + FYM (20kg N ha-1 + 9
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kg ha-1 ) that produced 27.3 tonsha-1 . A further increase in the plant population of spider plant
and/or the amount of FYM used in the production resulted in significantly (P=0.05) lower total
fresh leaf yield (Table 3.5). Growing of African nightshade at an intercrop ratio of 1:2 supplied
with pure FYM (60 kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest fresh leaf yield (8.9 tons ha -1 )
however this was not significantly different from 1:3 and 1:4 intercrop ratios with the same
fertilizer combinations that recorded 12.2 tons ha -1 and 9.2 tons ha-1 respectively (Table 3.5). In
addition, intercrop ratios of 1:3 and 1:4 did not differ significantly across the fertilizer
combinations.
Intercropping arrangements and fertilizer combinations greatly influenced the total fresh leaf
yield. During growth and development, vegetable plants intercept and absorb light, water and
nutrients and use them to produce biomass (Mohamed et al. 2007). Part of this biomass is the
harvestable yield. The factors that affect growth are distributed in space and time.
Complementary and supplementary relations between crops determine the magnitude of
intercrop competition (Ofori and Gamedoaghao, 2005). Farm yard manure is a slow release of
soil nutrients for plant uptake; however the residual benefits of farm yard manure on the soil
physical and biological properties cannot be under estimated. In this study, African nightshade
as pure stand supplied with either urea (60 kg N ha -1 ) + triple superphosphate (40 kg P ha-1 ) or
urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 )
recorded the highest total fresh leaf yield. However, intercrops with more rows of spider plant
across fertilizer combinations recorded low yields compared to sole African nightshade. This
could be attributed to competition for available nutrient base, CO 2 and light interception. These
results agree with those of Mohamed et al. (2007) working on okra, who reported that
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intercropping okra with cucumber significantly reduces the fruit yield of cucumber compared to
the respective mono crops. In addition, Kipkosgei et al. (2003) working on African nightshade
reported that synergetic effect of inorganic and organic fertilizer increases African nightshade
leaf yields. Further, Mahadeem et al. (2008) working on broccoli, reported that inorganic
fertilizer produces the highest yields compared to the corresponding amounts of organic manure,
however combined fertilizer application produces comparably higher yields as pure inorganic
fertilizer. Similarly, low yields exhibited in 1:2, 1:3 and 1:4 intercrop row ratios when supplied
with only farm yard manure as compared to sole African nightshade could be associated with
inter-specific competition for nutrients, moisture space and slow mineralization rate of farm yard
manure (Adani et al. 2007). Further, Olufajo (1992) reported that shading by taller plants in
intercrops reduce the photosynthetic rate of the lower growing plants and thereby reduce their
yields. However it was noted that farmers can use pure farm yard manure over a fertilizer
combination of urea (20 kg N ha-1 ) + triple superphosphate (10 kg P ha-1 ) + FYM (40 kg N ha-1 +
27 kg P ha-1 ) across intercropping arrangements to cut extra cost of production as there was no
yield advantage gained at this fertilizer combination rates. Even though there was no yield
benefits exhibited in African  nightshade after intercropping with spider plant, there is a
possibility that the combined yield obtained from different spider plant: African nightshade
intercropping system for both vegetables could be greater than for the mono-cropped African
nightshade. In addition, 1:4 and 1:3 intercrop ratios may be more important to the farmer in
terms of income diversification and diversity in crops available for both food and nutrition needs
when compared to sole African.
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3.5 Conclusion
The spider plant- African nightshade fertilizer combinations and intercropping arrangements
influenced the growth and yield of African nightshade. Fertilizer combinations influenced the
number of branches and leaves per plant with application of Urea (40 kg N ha-1 ) + triple
superphosphate (30 kg P ha-1 ) recording a high number of branches and leaves per plant that was
comparable to when Urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N
ha-1 + 9 kg P ha-1 ) was used. Intercropping arrangements reduced the number of branches and
leaves compared to sole African nightshade. Further, high total fresh leaf yield wa s produced
when sole African nightshade and intercropping of Spider plant and African nightshade at a ratio
of 1:14 (spider plant as border rows) supplied with either urea (40 kg N ha-1 ) + triple
superphosphate (30 kg P ha-1 ) or Urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) +
FYM(20 kg N ha-1 + 9 kg P ha-1 ) was used in the production of the vegetable.
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CHAPTER FOUR
INFLUENCE OF COMBINED FERTILIZER APPLICATION AND SPIDER PLANT
(Cleome gynandra) INTEGRATION IN AFRICAN NIGHTSHADE (Solanum nigrum L.)
PRODUCTION ON SOIL NUTRIENT STATUS AND BALANCES
Abstract
Calculation of soil nutrient balances and soil nutrient status is imperative in establishing
innovative sustainable technologies in soil fertility and farm productivity. This study investigated
the influence of combined fertilizer application and integration of spider plant in African
nightshade cropping system on soil nutrient status and balances. The study was carried out at the
Kenya Agricultural and Livestock Research Organization, Kisii County. The experiments were
laid out in a complete randomized block design with a split plot ar rangement replicated thrice.
The main plots were intercropping arrangements of spider plant: African nightshade rows and
sub plots had fertilizer combinations of Farm yard manure (FYM), urea and triple super
phosphate (TSP).Soil pH, Soil Organic carbon, N, P and K were determined after the harvest of
the vegetable and N, P, K balances were calculated at plot level using nutrient monitoring
(NUTMON) Tool box. Intercropping arrangements and fertilizer combinations had a significant
(P=0.05) effect on soil nutrient status and balances. On nutrient status, soil nitrogen from plots
containing intercrop ratio of 1:14 supplied with FYM (60 kg N ha -1 + 36kg P ha-1 ) recorded
0.46% N that was not statistically different from 1:3 intercrop ratio or sole ANS supplied with
the same fertilizer while an intercrop ratio of 1:2 supplied with urea (40 kg N ha -1 )+ triple
superphosphate (30 kg P ha-1 )+FYM (20 kg N ha-1 + 9kg P ha-1 )or urea (60 kg N ha-1 )+ triple
superphosphate (40 kg P ha-1 ) resulted in 0.3% N and a phosphorus content of 11.7ppm. Further,
sole African nightshade, intercrop ratios of 1:3 1:4, and 1:14 supplied with FYM (60 kg N ha-1 +
36 kg P ha-1 ) recorded 8 cmol P kg-1 while those supplied with urea (60 kg N ha-1 ) + triple
superphosphate (40 kg P ha-1 ) or urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) +
FYM (20 kg N ha-1 + 9 kg P ha-1 )recorded 4 cmol P kg -1 across all intercropping arrangements.
Further, plots containing sole African nightshade, 1:3, 1:14 and 1:4 intercrop ratios supplied
with FYM (60 kg N ha-1 + 36 kg P ha-1 ) recorded 3 % C. In addition, plots containing sole
African nightshade and those with intercrop ratio of 1:4 supplied with FYM (60 kg N ha-1 + 36 kg
P ha-1 ) recorded the highest soil pH of 6.3 after harvest. On nutrient balances, sole African
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nightshade supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) recorded negative nutrient balances
of -9 kg N, -9.9 kg P and -5.4 kg K ha-1 yr-1 while an intercrop ratio of 1:2 supplied with an
application of urea (60 kg N ha-1 )+ triple superphosphate (40 kg P ha-1 ) recorded negative
nutrient balances of -36.5 N, -25.2 P and -34.2 kg K ha-1 yr-1 . It can therefore be concluded that
production of ANS as sole crop or at intercropping ratios of 1:3, 1:14 and 1:4 supplied with
FYM (60 kg N ha-1 + 36 kg P ha-1 ) leads to an increase soil organic carbon and soil pH. This can
be an important production system to incorporate in managing soils with increased acidity and
reduced soil carbon to improve soil productivity.
Keywords : nutrient balances, intercropping arrangement, NUTMON
4.1 Introduction
Soil fertility replenishment in Sub-Saharan Africa is vital to the process of poverty alleviation
(Place et al. 2003). Increased agricultural productivity and improved livelihoods won’t occur
without investing in soil fertility (Place et al. 2003). Over the last few years, much attention has
been given to the quantification and estimation of nutrients that flows through agricultural
systems (Lesschen et al. 2003).Soil nutrient mining is the root cause of declining land
productivity especially in small holder farming systems (Mugendi et al. 2003). In western region,
low soil fertility tends to decline further, as farmers remove nutrient through outputs in crops,
crop residues and through losses by leaching, and soil erosion. Nutrients lost through harvestable
products, particularly nitrogen and phosphorus are not sufficiently replenished because of high
cost of inorganic fertilizers(Gachimbi et al. 2002) and this definitely will sham a risk of food
shortages in the predominantly low- input agricultural systems (Mtei et al. 2013).
Constraints to inorganic fertilizers in sub Saharan Africa christens for exploration of inorganic
fertilizer reduction by substituting with alternate means to convene the nutrient requirements of
crops without any significant decrease in yield (Mutala, 2012). Use of inorganic fertilizers, farm
yard manure and intercropping systems are biased towards their influence on soil fertility and
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crop yield improvement assume environmental and socio-economic effects they pose. Integrated
soil fertility management thus encompasses multiple factors and effects such as biological,
physical, chemical, economic and political aspects of soil fertility deterioration (Place et al.
2003). It provides a wide choice use of both farm yard manure and inorganic fertilizer inputs to
smallholder farmers, but many farmers are still staggering on how much of organic and mineral
fertilizers to apply. Leafy vegetables require higher quantities of nitrogen compared to other
primary nutrients supplied by the farmers (Epstein and Bloom, 2005) of which the plant nutrition
of crops is based on supply from native soil nutrient pool and other additions from farm yard
manure (Gachimbi et al. 2002).
There are very close relationships between yield advantage and nutrient acquisition in
intercropping systems which is an efficient cropping system in terms of resource utilization
(Zhang et al. 2004). Furthermore, intercropping also provides an important pathway to reduce
soil erosion, fix atmospheric N 2 , lower the risk of crop failure or disease and increase land use
efficiency (Li et al. 2013). However, nutrients lost through harvested products, especially
nitrogen (N) and phosphorus (P) are not adequately replenished due to high prices of inorganic
fertilizers (Gachimbi et al. 2002)
Assessing the impact of agricultural technologies on soil fertility and future sustainability,
nutrient balance calculation is necessary (Vlaming et al. 2001). NUTMON, a nutrient monitoring
tool, is used to determine balances of N, P and potassium (K) in soil (Onwonga et al. 2008).
Farm-NUTMON is a tool that integrates the assessment of stocks and flows of nitrogen,
phosphorus and potassium and economic farm analysis. It estimates the extent to which farmers
generate income through soil nutrient mining, assesses the impact of farm management change
techniques on nutrient balance and economic performance at activity level and farm level, and
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determines the economic impact of exogenous changes on the farm and activity level (Van den
Bosch et al. 1998). Hence NUTMON assesses the amounts of both organic and mineral fertilizer
inputs a farmer uses and nutrient losses through crop harvests, removal of crop residues,
leaching, gaseous losses and erosion. Against this milieu, the study investigated the influence of
integrated African nightshade with spider plant and fertilizer combination on soil nutrient status
and balances.
4.2 Materials and methods
4.2.1 Site description
The study was conducted between February 2015 and February 2016 at KALRO, Kisii County,
Kenya (longitudes: 34° 46’ E, latitudes: 0° 41’ S and altitude: 1700m above sea level. It receives
average annual rainfall of 1500mm with the long rains between March and June while the short
rains are received from September to November. The maximum and minimum temperatures
range between 21°C – 30°C and 15°C – 20°C respectively. The soils are well drained with
(nitsols) with large amounts of organic matter (Makone et al. 2015).
4.2.2 Experime ntal design and treatments
The experiment was laid out in a randomized complete block design with a split plot
arrangement replicated three times. The main (4.8 by 11m) plots consisted of intercropping
arrangements;(i) sole African nightshade, (ii) spider plant surrounding 14 rows of African
nightshade (1:14),(iii) one row of spider plant intercropped with 2 rows of African nightshade
(1:2), (iv) one row of spider plant intercropped with 3 rows of African nightshade (1:3) and (v)
one row of spider plant intercropped with 4 rows of African nightshade (1:4). In the sub plots(4.8
by 1.8m),fertilizer combination were; (i) pure FYM (60 kg N ha -1 + 36 kg P ha-1 ), (ii) pure
inorganic fertilizer- urea (60 kg N ha-1 ) + TSP (40 kg P ha-1 ), (iii) urea (30 kg N ha-1 ) + TSP (20
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kg P ha-1 ) + FYM (30 kg N ha-1 + 18 kg P ha-1 ), (iv) urea (20 kg N ha-1 )+ TSP (10 kg P ha-1 ) +
FYM (40 kg N ha-1 + 27 kg P ha-1 ), (v) urea (40 kg N ha-1 ) + TSP (30 kg P ha-1 ) + FYM (20 kg
N ha-1 + 9 kg P ha-1 ).
4.2.3 Agronomical practices
The plots were ploughed and harrowed before planting using hand hoes. The seeds were sowed
directly at a spacing of 15cm between plants and 30cm between rows giving a total of 16 rows.
At planting urea and tri-superphosphate were banded together while farm yard manure was
applied two weeks prior to planting to those plots that were receiving both inorganic fertilizer
and farm yard manure. Hand weeding was done regularly to ease competition from weeds and
the crop solely depended on rainfall.

4.2.4 Soil sampling and analyses
4.2.4.1 Soil sampling

Soil samples were picked at a soil depth of 0 - 20 cm collected in a zigzag manner from the
experimental plots before planting and at the end of the crop harvest. , From each plot, soils were
picked from five points, mixed and a subsample of 250g picked for the analyses. The samples
were kept in polythene bags and transported in portable cool boxes to the laboratory for analysis
of soil nutrient N, P, K as well as pH and soil organic carbon (C).
4.2.4.2 Sample preparation and analysis

The soil samples were air-dried and ground to pass through 2 mm sieve ready for analysis. The
pH was determined by following Catherine and Parent (2002). The soil PH was determined using
one part of soil to 2.5 parts of water then the mixture was allowed to come into equilibrium for
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the suspension to settle. The reading was taken by lowering the PH meter into the solution. Soil
organic carbon was determined using the Black-Walkley (Black et al. 1965). 0.5g of the dried
soil samples was mixed with 10ml of potassium dichromate followed by an addition of 15ml of
conc. Sulphuric acid. 5ml H3 PO4 was added after the addition of 200ml 0f water and 2-3 drops of
phenanthroline indicator then titration was done with 0.5N FeSO 4.Nitrogen was determined by
micro Kjeldahl method (Okalebo et al. 2002). 1g of air dried soil sample was mixed with the
catalyst and concentrated Sulphuric acid in a Khejdahl digestion block at the temperatures of
1200 c for one hour then followed by 360 0 c for two hours. Addition of 10mls of 40% of sodium
hydroxide and distillation was done into the 2%boric acid followed by titration of the green
colored solution with 0.01N sulphuric acid where the mixed indicator turned from green to light
pink marking the end point. Phosphorus and potassium were determined using the double acid
method (Okalebo et al. 2002) and Flame Emission Spectrophotometer (Jońca and Lewandoski,
2004) respectively. 5g sample of each soil was weighed into a 100ml extracting tube. A 50ml
double acid reagent was added and the mixture was shaken mechanically using a machine for 30
minutes then filtered using the filter paper. The filtered extract solutions was then used for
phosphorous and potassium analyses. Flame photometer part was used for measuring the
potassium concentration of the soil samples while standard solutions were used to determine
phosphorous concentration in the soil samples.
4.2.4.3 Quantification of nutrient balances

The NUTMON tool box was used in quantifying Nitrogen, Phosphorous, Potassium flows and
balances. Since the study sought to determine the nutrient balances at crop activity level, the
approach was adjusted to enable generation of output within an experimental area. The replicates
involving intercropping arrangements were the equivalent of the farm section units and the
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primary production units were the plots comprising of the 25 treatments. Nutrient flows into
primary production units were identified as inorganic fertilizer and farm yard manure (IN 1 –
inorganic fertilizers, IN 2 – farm yard manure), atmospheric deposition (IN 3) and biological
nitrogen fixation (IN 4) and returned plant residue (OUT 2). Nutrient output flows were
identified as crop harvest (OUT 1), leaching (OUT 3), volatilization (OUT 4) and soil erosion
(OUT5). Flows and balances of nitrogen, phosphorous and potassium were calculated at the end
of the experimental period through autonomous assessment of the inputs and outputs (Table 4.1).
Table4.1: Nutrient flows in NUTMON
IN flows
IN1 Inorganic fertilizers

OUT flows
OUT1 Harvested
products
OUT2 Crop residues
and manure

Inte rnal flows
FL1 Feeds

IN2b Organic inputs: manure
from grazing outside the farm
IN3 Atmospheric deposition

OUT3 Leaching

FL3 Crop residues

OUT4 Gaseous losses

FL4 Grazing of vegetation

IN4 N-fixation
IN5 Sedimentation
Source: De Jageret al. (1998)

OUT5 Erosion
OUT6 Human excreta

FL5 Animal manure
FL6 Farm products to household

IN2a
Organic
inputs:
purchased manure and feeds

FL2 Household waste

Hence, nutrient flow for N, P and K were given by (IN1, IN2, OUT1 and OUT2) and use of
transfer functions (IN3, IN4 and IN5, and OUT3, OUT4, OUT5 and OUT6) (Van den Bosch et
al. 1998) while the nutrient balances were calculated using the equation based on a set of inflows
and outflows:
Net soil nutrient balance =Σ nutrient inputs – Σ nutrient outputs
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4.3 Statistical analyses
Data was subjected to analysis of variance (ANOVA) using GENSTAT version 15. (Payne et al.
2011) and means were separated using Fisher’s protected LSD at 5% to identify differences
between treatments.
4.4 Results and discussion
4.4.1 Initial soil and manure nutrient conte nt
The soil analysis before planting of African nightshade showed that the soil was low in nitrogen,
phosphorous and potassium content while the soil pH was moderately acidic (Table 4.2).
Table4.2: Soil and manure che mical properties before planting of African nightshade in
KALRO Kisii
Element

Soil

Manure

pH (H2 O)

5.61

8.71

Organic Carbon (%)

2.7

24.5

Nitrogen (%)

0.35

0.7

Phosphorus (ppm)

12

441

Potassium (cmolkg-1 )

4

25.5

The results for manure showed that nitrogen, phosphorous, potassium and organic carbon levels
were sufficient to boost vegetable production while the pH was moderately alkaline. Soil
nitrogen, phosphorous and potassium were below the recommended levels while the pH was
between the recommended ranges of 5.3-6.1 for vegetable production (Warncke et al. 2004).
This implies that for a farmer to exhibit high yields the soil must be supplemented with nutrients
from external sources. Hence, because of these nutrient deficits, intervention of farm yard
manure which was sufficient in nitrogen, phosphorous and potassium levels will be critical in
vegetable production ,however with its moderate alkalinity it will suit best in acidic soils.
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4.4.2 Available nitrogen
The results showed that intercropping arrangements and fertilizer combinations had a significant
(P=0.05) effect on soil nitrogen levels (Table 4.3).
Table4.3: Influence of combined fertilizer application and s pider plant integration in
African nightshade cropping system on nitrogen status (Spider plant: ANS row ratios)
Inte rcropping
arrange ments

%N levels

Fertilizer combinations
60kg N ha-1 urea + 40kg P ha -1 TSP
-1

sole ANS

-1

0.34
-1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

0.33

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM
20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

0.43
0.38

60kg N ha-1 farm yard manure

0.45

60kg N ha-1 urea + 40kg P ha -1 TSP

0.33

-1

-1

-1

0.33

-1

-1

-1

0.44

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

0.44

60kg N ha-1 farm yard manure

0.46

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
1:14

-1

1:2

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

0.3
0.31

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

0.4

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

0.42

-1

60kg N ha farm yard manure
-1

-1

-1

-1

0.42

60kg N ha urea + 40kg P ha TSP

1:3

0.33
-1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

0.32

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM
20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

0.44
0.44

60kg N ha-1 farm yard manure

0.45

60kg N ha-1 urea + 40kg P ha -1 TSP

0.34

-1

-1

-1

0.31

-1

-1

-1

0.43

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

0.44

60kg N ha-1 farm yard manure

0.44

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
1:4
LSD 0.05
CV

0.02
1.1

Soil nitrogen from plots containing sole African nightshade, 1:14 and 1:3 intercrop ratios
supplied with FYM (60 kg N ha-1 + 36kg P ha-1 ) recorded 0.46%N that was higher compared to
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the initial (0.35%) but this was not significantly different from African nightshade grown at
intercrop ratios of 1:14 and 1:3 supplied with urea (30 kg N ha -1 )+ tri-superphosphate (20 kg P
ha-1 )+FYM (30 kg N ha-1 + 18kg P ha-1 )and urea (20 kg N ha-1 )+ tri-superphosphate (10 kg P ha1

)+FYM (40 kg N ha-1 + 27kg P ha-1 ) that resulted in 0.44%N (Table 4.3) In addition, African

nightshade at an intercrop ratio of 1:2 supplied with either urea (40 kg N ha -1 )+ trisuperphosphate (30 kg P ha-1 )+FYM (20 kg N ha-1 + 9kg P ha-1 )or urea (60 kg N ha-1 )+ TSP (40
kg P ha-1 ) and 1 :4 intercrop ratio supplied with urea (40 kg N ha-1 )+ tri-superphosphate (30 kg P
ha-1 )+FYM (20 kg N ha-1 + 9kg P ha-1 )resulted in 0.3%N (Table 4.3).
Combined use of farm yard manure and inorganic fertilizer especially at high ratios of farm yard
manure increased nitrogen levels in the soil than pure inorganic fertilizer. This could be
attributed to the slow release nature of nitrogen present in farm yard than inorganic fertilizers,
which accounts greater soil nitrogen content after harvest. These results agrees with the findings
of Zhao et al. (2009) who reported that farm yard manure combined with inorganic fertilizer
results in higher increase in soil total nitrogen. Combining farm yard manure with inorganic
fertilizer increase synchrony and reduce losses by converting inor ganic nitrogen into organic
forms. Increase in total nitrogen might be due to the direct addition of nitrogen through farm
yard manure to the soil because the low recovery efficiency of nitrogen is associated with its loss
by leaching, deni- trification, volatilization and soil erosion (Aspasia et al. 2010).
Plots with 1:2 intercrop ratios recorded total nitrogen content 0.3%N compared to sole African
nightshade, 1:14, 1:3 and 1:4. This could be attributed to high competition for nitrogen uptake
from both spider plant and African nightshade. Both vegetables are classified as leafy vegetables
hence heavy feeders of nitrogen. These results agrees with findings of Choudhuri et al. (2012)
working on mustard and potato, reported that less soil nitrogen content is obtained from 1:1 row
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ratio of mustard and potato compared to sole mustard. Similarly, Verma et al. (2013) reported
that geranium and potato intercrop significantly reduces soil nitrogen content compared to
geranium mono crop.
4.4.3 Available phosphorous
The results showed that intercropping arrangements and fertilizer application had a significant
(P=0.05) effect on soil phosphorous content (Table 4.4). Plots containing

sole African

nightshade supplied with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20
kg N ha-1 + 9 kg P ha-1 ) and sole African nightshade, 1:14 and 1:4 intercrop ratios supplied with
FYM (60 kg N ha-1 + 36 kg P ha-1 ) resulted in 14.3ppm P that was higher compared to initial
12.1ppm P, however this was not statistically different from those obtained from plots containing
1:4 intercrop ratios supplied with FYM (60 kg N ha -1 + 36 kg P ha-1 ) that resulted in 14ppm
(Table 4.4).Besides, African nightshade at an intercrop ratio of 1:2 supplied with urea (60 kg N
ha-1 )+ TSP (40 kg P ha-1 ) resulted in 11.7ppm P, however this was not statistically different
from those obtained when the same intercrop arrangement was supplied with urea (40 kg N ha 1

)+ tri-superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) that resulted in 11.9ppm

(Table 4.4).
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Table4.4: Influence of combined fertilizer application and s pider plant integration in
African nightshade cropping system on Phos phorous status (Spider plant: ANS row ratios)
Inte rcropping
arrange ments

Fertilizer combinations
-1

-1

-1

-1

P levels (ppm)

60kg N ha urea + 40kg P ha TSP
40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

12.3

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

13.5

-1

sole ANS

12.1
-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
60kg N ha-1 farm yard manure

14.3
14.2

60kg N ha-1 urea + 40kg P ha -1 TSP

12.1

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

-1

13.2

-1

-1

-1

14.1

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:14

1:2

-1

60kg N ha farm yard manure

14.2

60kg N ha-1 urea + 40kg P ha -1 TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

11.7
11.9

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

12.5

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

12.9

-1

60kg N ha farm yard manure
-1

-1

-1

-1

13

60kg N ha urea + 40kg P ha TSP

12
-1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

12

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

13.1

-1

1:3

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
60kg N ha-1 farm yard manure

13.6
13.9

60kg N ha-1 urea + 40kg P ha -1 TSP

12.1

-1

-1

-1

12.3

-1

-1

-1

13.6

-1

-1

-1

13.9

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:4

12.2

-1

-1

60kg N ha farm yard manure

LSD 0.05
CV

14
0.24
4.7

The total phosphorous content increased in all treatments compared to initial levels. The results
also indicated that integration of farm yard manure and inorganic fertilizer nutrient sources had
higher amounts of phosphorus in soil than sole application of inorganic fertilizers. The plausible
reason to why available soil phosphorous was higher in plots containing urea (20 kg N ha -1 ) +
triple superphosphate (10 kg P ha-1 ) +FYM (40 kg N ha-1 + 27 kg P ha-1 ) combinations could be
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attributed to inorganic (Urea) fertilizer that accelerated mineralization and increased the slow
release of phosphorous from farm yard manure by stimulating the soil biological activities. The
results are in agreement with the findings of Aspasia et al. (2010) who reported that combined
organic and inorganic fertilization ameliorates available phosphorous in the soil hence sustaining
soil health. Similarly, Indrani et al. (2008) reported that increase of available phosphorus could
be attributed to the decomposition of organic matter coupled with release of appreciable
quantities of carbon (iv) oxide, which plays an important role in increasing phosphorous
availability.
Intercrop ratio of 1:2 recorded the lowest phosphorous levels across fertilizer combinations
compared to sole African nightshade, 1:3, 1:4 and 1:14 intercrop ratios. These results could be
attributed to more competition for available phosphorous that led to low phosphorous residuals
in plots of 1:2. These results conforms with the findings of Choudhuri et al. (2012) who reported
that a 2:1 intercrop ratio of mustard and potato resulted in the lowest soil phosphorous levels
after harvest. Similarly, Jat et al. (2003) working on ground nuts reported that pigeon pea and
ground nut intercrops results into significantly low soil phosphorous levels compared to pigeon
pea mono crop.
4.4.4 Available potassium
The results indicated that combined fertilizer application and intercropping arrangements
differed significantly (P=0.05) on soil potassium content (Table 4.5). Sole African nightshade
supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) resulted in 8 cmol K kg-1 compared to initial 4
cmol K kg-1 , but this was not significantly different from intercrop ratios of 1:4, 1:3 and 1:14
supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) that resulted in 7.8 cmol K kg-1 (Table 4.5).
This was followed by sole African nightshade and 1:3 intercrop ratio supplied with urea (20 kg
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N ha-1 ) + triple superphosphate (10 kg P ha-1 ) +FYM (40 kg N ha-1 + 27 kg P ha-1 ) that resulted
in 7.5 cmol K kg-1 (Table 4.5).
Table4.5: Influence of combined fertilizer application and s pider plant integration in
African nightshade cropping system on Potassium status (Ratios are Spider plant: ANS
rows)
Inte rcropping
arrange ments

Fertilizer combinations

K levels (cmol kg-1 )

60kg N ha-1 urea + 40kg P ha -1 TSP

4.11

-1

-1

-1

4.12

-1

-1

-1

7.1

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

7.5

60kg N ha-1 farm yard manure
60kg N ha-1 urea + 40kg P ha -1 TSP

8
4.1

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

4.1

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

7

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
sole ANS

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:14

-1

60kg N ha farm yard manure
-1

7.7

-1

60kg N ha urea + 40kg P ha TSP

3.5

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

1:2

-1

-1

5.7
6.9

60kg N ha-1 farm yard manure

7

-1

-1

-1

-1

-1

4.1

-1

-1

-1

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM

6.9

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

7.3

4

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

-1

60kg N ha farm yard manure
60kg N ha-1 urea + 40kg P ha -1 TSP

7.7
4.13

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

4.2

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

7

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:4

3.7

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM
60kg N ha urea + 40kg P ha TSP

1:3

7.4

-1

60kg N ha farm yard manure

7.3
7.8

LSD 0.05

0.47

CV

5.2

Further, African nightshade grown at a ratio of 1:2 recorded 3.5cmol K kg-1 which was lower
compared to initial value of 4 cmol K kg-1 , however this was not statistically different from the
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same intercropping arrangement supplied with urea (40 kg N ha -1 ) + tri-superphosphate (30 kg P
ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) that resulted in 3.7 cmol kg-1 (Table 4.5).
Higher soil potassium content was obtained from plots with high farm yard manure ratios
compared to sole inorganic fertilizers (urea and TSP). This could be attributed to increased soil
potassium content mineralized from farm yard manure at latter period. Consequently, urea and
triple superphosphate fertilizers do not supply potassium which could be the reason for low soil
potassium content. Seyed et al. (1998) reported that increased organic carbon facilitates
solubilization of different organic nitrogenous compounds into simple and available form,
acidifying action of farm yard manure on applied K at the time of decomposition making more
potassium available, and reduction of potassium fixation. These results conforms with the
findings of Gebrtsadkan et al. (2015) who reported that organic manure elevates soil chemical
properties at a higher frequency compared to inorganic fertilizers. However, potassium levels
declined in inorganic fertilizer treatments compared to treatments with farm yard manure. This
could be attributed to nutrient losses through volatilization, leaching and soil erosion pathways.
Sole African nightshade, 1:14, 1:3 and 1:4 intercrop ratios recorded significantly higher soil
potassium content compared to 1:2 intercrop ratios. However there were no significant
differences among sole African nightshade, 1:3, 1:4 and 1:14 intercrop ratios. These findings
could be attributed to lesser competition ratio values between the African nightshade and spider
plant, longer roots and more root volume which facilitated heavy potassium uptake from t he soil.
4.4.5 Organic carbon
The results showed that intercropping arrangements and fertilizer application had significant (P=
0.05) effect on soil organic carbon (Table 4.6).
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Table4.6: Influence of combined fertilizer application and s pider plant integration in
African nightshade on Organic carbon status (Ratios are Spide r plant: ANS rows)
%C Levels
intercrop arrange ment

fertilize r combinations
60kg N ha-1 urea + 40kg P ha -1 TSP

2.75

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

sole ANS

-1

-1

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

2.86
2.87

60kg N ha-1 farm yard manure

2.95

-1

-1

-1

-1

-1

2.78

-1

-1

-1

2.85

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

2.85

60kg N ha-1 farm yard manure
60kg N ha-1 urea + 40kg P ha -1 TSP

2.95
2.72

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

2.73

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

2.76

60kg N ha urea + 40kg P ha TSP

2.73

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
1:14

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:2

-1

60kg N ha farm yard manure
-1

2.73

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

-1

-1

2.77

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

2.83
2.84

60kg N ha-1 farm yard manure

2.96

-1

-1

-1

-1

-1

2.75

-1

-1

-1

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM

2.85

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

2.85
2.94

60kg N ha urea + 40kg P ha TSP

2.74

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

1:4

2.79
2.8

-1

60kg N ha urea + 40kg P ha TSP

1:3

2.78

60kg N ha-1 farm yard manure

LSD 0.05
CV

0.022
1.1

Organic carbon content obtained from1:3 intercrop ratios supplied with pure FYM (60 kg N ha 1

+ 36 kg P ha-1 ) resulted in 2.96% C compared to initial 2.7% C but this was not significantly

different from sole African nightshade, 1:14 and 1:4 intercrop ratios when same fertilizer
combinations were used that resulted in 2.94% C (Table 4.6). This was followed by % C from
sole African nightshade supplied with urea (20 kg N ha -1 )+ tri-superphosphate (10 kg P ha-1 )+
FYM (40 kg N ha-1 + 27 kg P ha-1 )and urea (30 kg N ha-1 )+ tri-superphosphate (20 kg P ha-1 )+
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FYM (30 kg N ha-1 + 18 kg P ha-1 ) that resulted in 2.87% C, however they were not statistically
different from 1:14 and 1:4 intercrop ratios that resulted in 2.85% C (Table 4.6). In addition,
African nightshade grown at a ratio of 1:2 supplied with urea (60 kg N ha -1 ) + TSP (40 kg P ha-1 )
recorded 2.72% C, however this was not statistically different from 1:4 and 1:3 intercrop ratios
supplied with urea (60 kg N ha-1 ) + TSP (40 kg P ha-1 ) that resulted in 2.74% C (Table 4.6).
Sole farm yard manure and combined treatments had significantly higher amount of organic
carbon as compared to sole inorganic fertilizer treatments. This could be attributed to high
amounts of organic carbon mineralized from farm yard manure. Similar results have been
reported by Abay et al. (2011) who found that farm yard manure decomposition increases the
amount of organic matter in the soil. Similarly, Gebrtsadkan et al. (2015) reported that combined
fertilizer application with high farm yard manure rates results in higher amounts of soil organic
carbon compared to sole inorganic fertilizer. Further, Shirani et al. (2002) reported a three- fold
increase in soil organic carbon levels with an application of farm yard manure.
1:3 intercrop ratio supplied with farm yard manure recorded the highest organic carbon levels
followed by 1:14 intercrop ratios. These results could be attributed to higher q uantities of litter
fall and root necromass incorporated in soil during the growing period from spider plant and
African nightshade. Moreover, both vegetables could produce numerous roots which could
remain in soil as a source of carbon after decomposition. These results agrees with the findings
of Xiao et al. (2013) working on cucumber reported that garlic and cucumber intercrops results
in higher soil organic carbon compared to cucumber mono-crop. Similarly, the increased soil
organic carbon from the 1:3 and 1:4 could be ascribed to root exudates from both crops that
enhance soil enzyme activities which play a crucial role in the decomposition of organic residues
and organic carbon recycling in the soil.
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4.4.6 Soil pH
The results showed that soil pH values were significantly (P=0.05) affected by intercropping
arrangements and fertilizer combinations (Table 4.7).
Table4.7: Influence of combined fertilizer application and s pider plant integration in
African nightshade on the pH status (Ratios are Spider plant: ANS rows)
Inte rcropping
arrange ments

Fertilizer combinations

pH level

-1

-1

-1

-1

-1

5.63

-1

-1

-1

5.69

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

5.76

60kg N ha-1 farm yard manure

6.27

60kg N ha urea + 40kg P ha TSP

5.58

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
sole ANS

-1

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

5.57
5.61

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

5.68

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:14

-1

60kg N ha farm yard manure
-1

6.24

-1

60kg N ha urea + 40kg P ha TSP

5.55

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

-1

-1

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM
1:2

60kg N ha-1 farm yard manure

5.67
5.75
6

-1

-1

-1

-1

5.62

-1

-1

-1

5.69

-1

-1

-1

5.76

5.58

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
60kg N ha-1 farm yard manure
-1

6.2

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

5.58
5.62

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

5.7

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:4

5.62

-1

60kg N ha urea + 40kg P ha TSP

1:3

5.75

-1

60kg N ha farm yard manure

LSD 0.05

5.8
6.3
0.076

CV

2.2

African nightshade grown at a ratio of 1:4 supplied with pure FYM (60 kg N ha-1 + 36 kg P ha-1 )
resulted in pH value of 6.31 compared to initial levels of 5.61 but this was not significantly
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different from sole African nightshade and 1:14 intercrop ratio supplied with pure FYM (60 kg N
ha-1 + 36 kg P ha-1 ) that resulted in 6.27 and 6.24 respectively (Table 4.7). However, this was
followed by 1:2 intercrop ratio supplied with pure FYM (60 kg N ha -1 + 36 kg P ha-1 ) that
resulted in 6.0 pH values and 1:4 intercrop ratio supplied with urea (20 kg N ha -1 ) + trisuperphosphate (10 kg P ha-1 )+ FYM (40 kg N ha-1 + 27 kg P ha-1 )that recorded 5.8 pH values
(Table 4.7). Besides, African nightshade grown at a ratio of 1:2 supplied with urea (60 kg N ha -1 )
+ TSP (40 kg P ha-1 ) exhibited a decline of pH value (5.55 ) compared to initial pH value (5.61)
but this was not statistically different from sole African nightshade, 1:4 1:3 and 1:14 supplied
with urea (60 kg N ha-1 ) + TSP (40 kg P ha-1 ) that resulted in 5.58 (Table 4.7).
Farm yard manure and inorganic fertilizers provide multiple benefits for improving soil chemical
and physical properties (Basso and Ritchie, 2005). In this study, treatments with high rates of
farm yard manure obtained high pH values compared to those with pure inorganic fertilizers
These results corroborates with Gebrtsadkan et al. (2015) who reported that integration of
inorganic fertilizers with farm yard manure increases the soil pH. Similarly, Citak et al. (2010)
found that use of farm yard manure increases soil pH while inorganic fertilizer results into a
decrease in soil pH values. Further, it could be also attributed to increased amount of nitrogen
and organic carbon which facilitates microbial biomass and their activities consequently
increasing the soil pH.
4.4.7 Nitrogen balances
Results indicated that intercropping arrangements and fertilizer combinations had a significant
(P=0.05) effect on soil nitrogen balances (Table 4.8).

51

Table4.8: Nitrogen balances (kg ha-1 yr-1 ) as affected by intercropping arrangements and
fertilize r combinations (Ratios are Spide r plant: ANS rows)
Inte rcropping
arrange ments

Fertilizer combinations

N balance (kg ha-1 yr-1 )

60kg N ha-1 urea + 40kg P ha -1 TSP

-33.2

-1

-1

-1

-33.1

-1

-1

-1

-20.2

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

-18.7

60kg N ha-1 farm yard manure

-9

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
sole ANS

-1

1:14

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

-34.1
-26.6

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-21.6

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

-21.2

-1

60kg N ha farm yard manure
-1

-1

-1

-1

-9.7

60kg N ha urea + 40kg P ha TSP
40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

-26.5

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-24

-1

1:2

-33.4
-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
60kg N ha-1 farm yard manure

-21.6
-9.7

60kg N ha-1 urea + 40kg P ha -1 TSP

-35

-1

-1

-1

-21.1

-1

-1

-1

-25

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

-13.4

60kg N ha-1 farm yard manure

-10.2

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
1:3

-1

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

-34.7
-26.8

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-23.8

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:4

-1

60kg N ha farm yard manure

-24.3
-13.7

LSD 0.05

10.5

CV

17.4

Negative N balances were obtained across intercropping arrangements. Sole African nightshade
supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) recorded nitrogen losses of 9 kg ha-1 yr-1 but
this was not significantly different from African nightshade grown at intercrop ratios of 1:14,
1:2, 1:3 and 1:4 supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) that resulted in 9.7 kg ha-1 yr-1 ,
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9.7 kg ha-1 yr-1 , 10.2 kg ha-1 yr-1 and 13.2 kg ha-1 yr-1 respectively (Table 4.8). In addition,1:3
intercrop ratio supplied with urea (60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) recorded
more negative N balances (more nitrogen losses) of -35 kg ha-1 yr-1 , however this was not
significantly different from an application of urea (60 kg N ha -1 ) + triple superphosphate (40 kg P
ha-1 ) and urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 ) across
intercropping arrangements (Table 4.8).
Negative nitrogen balances across treatments could be attributed to nutrient removal of harvested
product of both African nightshade and spider plant. Removal of above ground biomass through
harvesting had adverse effects on nitrogen balances in the soil (Fatima et al. 2008). The losses
could also be attributed to other processes such as leaching, soil erosion and nitrogen
immobilization. An intercrop ratio of 1:2 recorded the highest nitrogen losses as compared to
sole African nightshade. This also could be attributed to high competition for soil nitrogen for
both spider plant and African nightshade due to intra and inter-specific competition. These
results agrees with those of Kroeze et al. (2003) who reported that negative nitrogen balances
are caused by high outflow of nitrogen through harvested products, crop residues, volatilization
and leaching.
Less negative balances noted in sole African nightshade could be attributed to the vegetable’s
inability to fix nitrogen from the soil. Sole African nightshade with only farm yard manure
recorded the lowest negative nitrogen balances compared to other treatments which could be
attributed to low mineralization of farm yard manure. These results agrees with those of Turne
et al. (2007) who reported that nutrients from organic fertilizer can be held by microbial biomass
but the organisms also play an important role in nutrient losses. Further, Patterson et al. (2007)
found that chemical fertilizers provides quick results but in long-run contributes to soil corrosion,
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environmental pollution and health hazards. Less negative nitrogen balances were noted in
treatments where farm yard manure was incorporated, with pure farm yard manure recording the
lowest negative nitrogen balances. These results could be attributed to slow release of nitrogen
and increase of soil stability. Furthermore, combined use of farm yard manure and chemical
fertilizers will narrow down the negative nitrogen balances considerably, moreover improving
soil fertility in many cropping systems.
4.4.8 Phosphorous balances
The results showed that there was a significant (P=0.05) effect for intercropping arrangements
and fertilizer combination on soil phosphorous balances (Table 4.9). Application of pure farm
yard manure and urea (20 kg N ha-1 ) + triple superphosphate (10 kg P ha-1 ) + FYM (40 kg N ha-1
+ 27 kg P ha-1 )had significantly less negative balances compared to other treatments across
intercropping arrangements (Table 4.9). Sole African nightshade supplied with pure FYM (60
kg N ha-1 + 36 kg P ha-1 ) recorded negative phosphorous balances of 9.9 kg ha -1 yr-1 but this was
not significantly different from an application of FYM (60 kg N ha -1 + 36 kg P ha-1 ) and urea (20
kg N ha-1 ) + triple superphosphate (10 kg P ha-1 ) + FYM (40 kg N ha-1 + 27 kg P ha-1 ) across
intercropping arrangements (Table 4.9). African nightshade grown at an intercrop ratio of 1:2
supplied with urea (60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) recorded the highest
phosphorous losses of -25.2 kg ha-1 yr-1 however this was not statistically different from 1:14,
1:3 and 1:4 supplied with urea (60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) that resulted
in 21.2 kg ha-1 yr-1 , 20.2 kg ha-1 yr-1 and 20 kg ha-1 yr-1 respectively (Table 4.9).
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Table4.9: Phosphorous balances (kg ha-1 yr-1 ) as affected by intercropping arrange ment
and fertilizer combinations (Ratios are Spider plant: ANS rows)
Inte rcropping
arrange ments

Fertilizer combinations

P balance (kg ha-1 yr-1 )

60kg N ha-1 urea + 40kg P ha -1 TSP
-1

sole ANS

-1

-18.5
-1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-17.7
-13.4

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

-10.5

-1

60kg N ha farm yard manure
-1

-9.9

-1

60kg N ha urea + 40kg P ha TSP

-21.2

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

-1

-20.4

-1

-1

-1

-10.8

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:14

-1

60kg N ha farm yard manure
60kg N ha-1 urea + 40kg P ha -1 TSP

-10.2
-25.2

40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM
-1

1:2

-1

-1

-17.1

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

-10.8

-1

60kg N ha farm yard manure
-1

-1

-1

-1

-10.7
-20.1
-1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-17.5
-15.6

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

-11.4

-1

60kg N ha farm yard manure

-10.3

60kg N ha-1 urea + 40kg P ha -1 TSP

-20

-1

-1

-1

-19.1

-1

-1

-1

-15.1

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

-12.4

60kg N ha-1 farm yard manure
(Fertilizer co mbinations)

-10.4
6.1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
1:4
LSD 0.05

-17.2

30kg N ha urea + 20kg P ha TSP +30kg N ha FYM

60kg N ha urea + 40kg P ha TSP

1:3

-20.1

-1

CV

14.9

Negative phosphorous balances exhibited in all treatments could be attributed to phosphorous
uptake by both African nightshade and spider plant which was removed through the harvested
products. These results concur with those of Wang et al. (2008) who reported that vegetable are
heavy feeders of phosphorous. Further, Nuruzzaman et al. (2005) recorded that the companion
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crops when intercropped increase phosphorous uptake from the soil through nutrient
mobilization. More negative balances were noted in the intercrop ratio of 1:2 which could be
attributed to higher uptake by both vegetables. Lambers et al. (2006) reported that plant roots
release large amounts of organic acids to mobilize nutrients when bound to soil particles that are
inaccessible for direct plant uptake. Besides, more negative balances noted in treatments with
pure inorganic fertilizer could be attributed to ready availability of phosphorous for plant uptake,
leaching and gaseous losses. Farm yard manure takes a longer period to release phosphorous
through mineralization although the microbial biomass also facilitates nutrient losses (Turne et
al. 2007). Organic fertilizers ameliorates soil properties and supply nutrients throughout the
growing period (Sharma et al. 2012) which could be the reason why less negative phosphorous
balances were exhibited in treatments with farm yard manure.
4.2.9 Potassium balances
The results showed that there was a significant (P=0.05) effect for fertilizer combinations and
intercropping arrangements on soil potassium balances (Table 4.10). More negative potassium
balances (33.9 kg ha-1 yr-1 )were recorded when African nightshade was grown at an intercrop
ratio of 1:2 supplied with urea (60 kg N ha-1 )+ triple superphosphate (40 kg P ha-1 ), however this
was not statistically different from 1:4and 1:3 supplied with urea (60 kg N ha-1 )+ triple
superphosphate (40 kg P ha-1 ) that resulted in 33.2 kg ha-1 yr-1 and 32.9 kg ha-1 yr-1 respectively
(Table 4.10).This was followed by African nightshade grown at an intercrop ratios of 1:4 and
1:3 supplied with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 )+ FYM (20 kg N ha1

+ 9 kg P ha-1 )that resulted in 30 kg ha-1 yr-1 and 31.6 kg ha-1 yr-1 respectively (Table

4.10).Further, less potassium losses were obtained with the application of FYM (60 kg N ha -1 +
36 kg P ha-1 ) across intercropping arrangements.
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Table4.10: Potassium balances (kg ha-1 yr-1 ) as affected by intercropping arrangement and
fertilize r combinations
Inte rcropping
arrange ments

Fertilizer treatments

K balance (kg ha-1 yr-1 )

60kg N ha-1 urea + 40kg P ha -1 TSP

-21.1

-1

-1

-1

-19.2

-1

-1

-1

-14.1

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

-10.4

60kg N ha-1 farm yard manure

-5.9

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
sole ANS

-1

1:14

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

-22.5
-23.5

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-24.6

20kg N ha-1 urea + 10kg P ha -1 TSP +40kg N ha -1 FYM

-13.4

-1

60kg N ha farm yard manure
-1

-1

-1

-1

-6.9

60kg N ha urea + 40kg P ha TSP
40kg N ha urea + 30kg P ha TSP +20kg N ha FYM

-27.3

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-22.6

-1

1:2

-33.9
-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
60kg N ha-1 farm yard manure

-13.2
-11

60kg N ha-1 urea + 40kg P ha -1 TSP

-32.9

-1

-1

-1

-30

-1

-1

-1

-19.7

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM

-18.1

60kg N ha-1 farm yard manure

-7.1

40kg N ha urea + 30kg P ha TSP +20kg N ha FYM
30kg N ha urea + 20kg P ha TSP +30kg N ha FYM
1:3

-1

-1

60kg N ha urea + 40kg P ha TSP
40kg N ha-1 urea + 30kg P ha -1 TSP +20kg N ha -1 FYM

-33.2
-31.6

30kg N ha-1 urea + 20kg P ha -1 TSP +30kg N ha -1 FYM

-17.1

-1

-1

-1

20kg N ha urea + 10kg P ha TSP +40kg N ha FYM
1:4

-1

60kg N ha farm yard manure

-14.1
-7.3

LSD 0.05

6.5

CV

21.0

African nightshade grown as a mono crop recorded the lowest negative potassium balances of 5.9 kg ha-1 yr-1 but this was not significantly different from 1:2, 1:4, 1:3 and 1:14 intercrop ratios
supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) that recorded -11 kg ha-1 yr-1 , -7.3 kg ha-1 yr-1 , 7.1kg ha-1 yr-1 and -6.9 kg ha-1 yr-1 respectively (Table 4.10). However Potassium balances were
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not significantly different for 1:4 and 1:3 intercropping arrangements across fertilizer
combinations (Table 4.10).
There were negative potassium balances across treatments. These results could be attributed to
removal of potassium nutrient through harvested African nightshade and spider plant. Phong et
al. (2011) while conducting studies on vegetables noted that negative potassium balances were
found in vegetable fields. More negative potassium losses were noted in the intercrop ratio of
1:2 which could be attributed to nutrient competition hence increased exploitation of the resource
base. These findings agrees with those of Verma et al. (2007) working on various vegetable
cropping systems reported that all cropping systems resulted into negative potassium balances.
Less negative potassium balances were noted in a sole African nightshade treatment compared to
other intercrops. This could be attributed to the vegetable’s inability to fix and utilize available
potassium. Further, during the harvestable period the vegetable could not enter into reproductive
period leading to seed formation which could facilitate more potassium uptake.
The lowest negative potassium balances were experienced in the sole African nightshade with
only farm yard manure. This could be attributed to slow mineralization of potassium from farm
yard manure hence unavailable for plant uptake during its growth. These results agrees with
those of Sharma et al. (2012) who reported that organic manure treatments had high potassium
content compared to inorganic fertilizers. Further, potassium losses through leaching and
gaseous emissions were minimal in farm yard manure treatments (Goulding et al. 2008). Besides,
Dou et al. (2016) reported that organic manure after some years leads to an increase in the
organic carbon, soluble phosphorus, exchangeable potassium, pH and also the reserve pool of
stored nutrients and maintain relativity stable EC level. In the second season, the negative
potassium balances were lower in treatments with farm yard manure compared to the first season
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which could be attributed to slow mineralization and release of farm yard manure throughout the
growing period. Srinivasarao et al. (2010) noted that continuous cropping with fertilization in the
form of farm yard manure to vegetable crops results in enrichment of various K forms in soil.
4.5 Conclusion
The spider plant- African nightshade intercropping arrangements and fertilizer combination
influenced soil nutrient status and balances. Application of pure urea (60 kg N ha-1 ) + triple
superphosphate (40 kg P ha-1 ) combined with intercrop ratio of 1:2 exhibited low soil N, P K,C
and pH levels compared to compared to initial soil nutrient levels while application of pure FYM
(60 kg N ha-1 + 36 kg P ha-1 ) resulted in higher nutrient levels across all intercropping
arrangements. Further, Sole African nightshade supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 )
recorded negative nutrient balances of -9 kg N, -9.9 kg P and -5.4 kg K ha-1 yr-1 however, an
intercrop ratio of 1:2 (Spider plant: ANS) combined with urea (60 kg N ha-1 )+ triple
superphosphate (40 kg P ha-1 ) recorded higher negative nutrient balances of -36.5 N, -25.2 P and
-34.2 kg K ha-1 yr-1 .
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CHAPTER FIVE
ECONOMIC FEASIBILITY OF AFRICAN NIGHTSHADE AS INFLUENCED BY
INTERCROPPING ARRANGEMENTS AND COMBINED FERTILIZER
APPLICATIONS
Abstract
Small farmers involved in African nightshade production are not realizing high returns as
expected because of low soil fertility and non-sustainable intercropping systems. This study was
therefore conducted with the objective of evaluating the economic feasibility of different
intercropping arrangements with combined use of farm yard manure and inorganic fertilizers in
African nightshade production. The study was carried out at Kenya Agricultural and Livestock
Research Organization, Kisii County. The experiments were laid out in a complete randomized
block design with a split plot arrangement replicated three times. The main plots were
intercropping arrangements of spider plant: African nightshade rows and sub plots had fertilizer
combinations of Farm yard manure (FYM), urea and triple super phosphate (TSP). Data on total
fresh leaf yield for both vegetables was measured and used for gross margin analysis. Intercrop
ratio of 1:4 supplied with urea (60kg N ha-1 ) + triple superphosphate (40kg P ha-1 ) resulted in a
combined yield of 37,500 kg ha-1 with higher gross margins of KES 294,243 compared to Sole
African nightshade supplied with urea (60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) that
recorded fresh leaf yield of 35100 kg ha-1 with gross margins of KES 276,091. Intercrop ratio of
1:2 supplied with pure FYM(60 kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest combined yields
of 10,700 kg ha-1 with gross margins of KES 37,354. Therefore,farmers can grow African
nightshade with spider plant at an intercrop ratio of 1:4 supplied with urea (60 kg N ha -1 ) + triple
superphosphate (40 kg P ha-1 ) to maximize on gross margin but for farmers who opt to grow
African nightshade as a mono crop then application of only inorganic fertilizer will be used.
However, for those farmers who cannot afford inorganic fertilizers, can grow African nightshade
at an intercrop ratio of 1:2 supplied with FYM (60 kg N ha-1 ; 36 kg P ha-1 ) since it is also
profitable.
Keywords: African nightshade, intercropping, fertilizer application, Gross margin analysis.
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5.1 Introduction
The economy of many tropical countries is based on agricultural production (Lithourgidis et al.,
2011). Increasing population in these countries leads to red uced agricultural land and increased
demand for agricultural products. One of the remedies to increase agricultural production in
small and marginal units of farming is to increase the productivity per unit time and area
(Hauggaard-Nielsen and Jensen, 2001). Vegetable crops occupy an important role in
diversification of agriculture and has played pivotal role in food security of ever burgeoning
population (Godfray et al. 2010).

Hence a cropping system that can increase the rate of

vegetable production and lower the cost of production will provide economic opportunity for
farmers. Intercropping has been identified as a promising sustainable system that makes effective
use of available resources (Thayamini & Brintha, 2010) i.e soil nutrients that will result in
reduced cost of production. It has also gained wide acceptability among farmers of developing
countries because of its economic advantages resulting from combined yields compared to mono
crops (Lithourgidis et al. 2011). Since, excessive use of inorganic fertilizers contribute to
environmental damage such as nitrate pollution; vegetables grown in intercropping are barely
regarded as an alternative and sustainable way of utilizing soil nutrients supplied from inorganic
and organic fertilizers (Fustec et al. 2010). The main effect of intercropping vegetables is
because of more efficient utilization of available resources and increased productivity compared
with sole crop (Mao et al. 2012). Intercropping provides high assurance against crop failure,
especially in areas subject to extreme weather conditions and provides greater financial stability
for farmers, making the system more suitable particularly for labor- intensive small farms.
Farmers can reduce the risk for total vegetable failure by growing more than one vegetable crop
in their fields (Alhaji et al. 2008). Moreover, intercropping may result in increased yield of main
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or companion or both crops as compared to sole cropping. However, it may result in reduced
yield of one (Egbe and Bar, 2010) or both crops (Ghosh et al. 2006). However, in intercropping
systems, not the yield but economic return is more important due to net benefit to the growers.
African nightshade is highly nutritious and has medicinal value since they are both nutritive and
therapeutic (Abukutsa-Onyango, 2003). According to Adobooye et al. (2004), the vegetable can
be used to eliminate malnutrition and promote healthy diets through its increased sustainable
production and consumption. Moreover, spider plant is also a nutritious indigenous vegetable
with medicinal value (Narendhirakannan et al. 2005). Apart from these benefits, spider plant has
been also observed to have insecticidal, anti- feedant and pest repellant properties hence
intercropping African nightshade with spider plant will result into a combined yield advantage
and reduce synthetic pesticide application.
Vegetable production with little or no fertilizer application has been associated with a decline in
soil fertility which subsequently reduces yields. Degradation is brought by loss of organic matter
which consequently results in soil acidity, nutrient imbalance and finally low crop yields.
However, the access and use of inorganic fertilizers alone is expensive to small scale farmers and
may cause problems for human health and environment (Ayoola and Makinde, 2007).Farm yard
manure can serve as alternative practice to against use of inorganic fertilizers as they aid in
improving soil structure, increase soil organic carbon provide significant quantities of major and
micro nutrients, and have a persistent effect on the soil over years (Suresh et al. 2004).
The current study was therefore, undertaken to investigate feasibility of producing African
nightshade intercropped with spider plant combined with fertilizer application to maximize
productivity and returns per unit area
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5.2 Materials and methods
5.2.1 Site description
The study was conducted at KALRO, Kisii County, Kenya between February 2015 and February
2016. Kisii County lies between Longitudes: 34° 46’ E and Latitudes: 0° 41’ S. It receives a
bimodal type of rainfall with both long and short rain season having a mean of 1500mm p.a. The
long rains are received between March and June with a mean of 790mm and the short rains are
received between September and November with a mean of 500mm. The area experiences
maximum temperatures of 30o C and minimum temperatures of 15o C.The soils are well drained
nitsols and high amounts of organic matter (Soil handbook of Kenya 2000). Main economic
activities of the inhabitants are crop farming, small scale trade, dairy farming, commercial
businesses and soapstone carvings.
5.2.2 Experime ntal design and treatments
The experiment was laid in a randomized complete block design with three replications with a
split plot arrangement replicated three times. The main (4.8 by 11m) plots consisted of
intercropping arrangements;(i) sole African nightshade, (ii) spider plant surrounding 14 rows of
African nightshade (1:14),(iii) one row of spider plant intercropped with 2 rows of African
nightshade (1:2), (iv) one row of spider plant intercropped with 3 rows of African nightshade
(1:3) and (v) one row of spider plant intercropped with 4 rows of African nightshade (1:4). In the
sub plots (4.8 by 1.8m),fertilizer combination were; (i) pure FYM (60 kg N ha -1 + 36 kg P ha-1 ),
(ii) pure inorganic fertilizer- urea (60 kg N ha-1 ) + TSP (40 kg P ha-1 ), (iii) urea (30 kg N ha-1 ) +
TSP (20 kg P ha-1 ) + FYM (30 kg N ha-1 + 18 kg P ha-1 ), (iv) urea (20 kg N ha-1 )+ TSP (10 kg P
ha-1 ) + FYM (40 kg N ha-1 + 27 kg P ha-1 ), (v) urea (40 kg N ha-1 ) + TSP (30 kg P ha-1 ) +
FYM (20 kg N ha-1 + 9 kg P ha-1 ).At planting urea and tri- superphosphate were banded together
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while farm yard manure was applied two weeks prior to planting at rates that depended on the
treatment for each plot. The plots were ploughed and harrowed before planting using hand hoes.
Furrows were made and five seeds of both spider plant and African nightshade (depending on the
intercrop arrangement) were sowed directly at a spacing of 30cm x 15cm and thereafter thinning
was done to one plants per hole giving a total of 16 rows per plot. Hand weeding was done
regularly to ease competition from weeds and the crop solely depended on rainfall.
The vegetables were harvested at maturity and yields calculated for each treatment. This was
scaled up to yield in kg ha-1 . The yields were converted to 13kg buckets per hectare as they
would if being produced for sale by the small- scale farmers and the gross margins computed to
determine the most profitable combination(s). Gross margin is a proxy for profitability. It is in
turn a reflection of commercial viability of growing African nightshade under different
intercropping arrangements and fertilizer comb inations.
Calculation of gross margin (GM) was therefore given by:
Gross Margin (GM) = GI – TVC
Where:
GI = Gross income = Yield (kg) x Price per kg; Price per kg for both vegetables = KSh. 10
TVC = Total variable cost (labor, manure/fertilizer, seed and pesticides) as follows:
Labor = KSh 200 per man day
Seed = KSh300 per 200g of seed; 600g of seed per hectare
Cost of fertilizer = KSh 70 per kg; 130.4kg per hectare of Urea; 86.9kg of TSP per hectare
Cost of Manure = KSh 2 per kg; 5.9 tons per hectare
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5.2.3 Calculation of Gross margins for production systems that recorded significantly high
yields.
Using the different intercropping and fertilizer combinations, the following famer scenarios were
used to compare gross margins from the different production systems.
Farmer 1: sole African nightshade supplied with urea (60 kg N ha -1 ) + triple superphosphate (40
kg P ha-1 )
Farmer 2: Sole African nightshade supplied with urea (40 kg N ha-1 ) + triple superphosphate
(30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 )
Farmer 3: Spider plant: African nightshade intercrop ratio of 1:4 supplied with urea (60kg N
ha-1 ) +triple superphosphate (40kg P ha-1 )
Farmer 4: Spider plant: African nightshade intercrop ratio of 1:4 supplied with urea (40kg N ha1

) + triple superphosphate (30kg P ha-1 ) + FYM (20kg N ha-1 + 9 kg ha-1 )

Farmer 5: Spider plant: African nightshade intercrop ratio of 1:2 supplied with pure FYM (60
kg N ha-1 + 36 kg P ha-1 )
5.3 Results and discussions
The results indicated that sole African nightshade supplied with fertilizer combination of urea
(60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) resulted in African nightshade fresh leaf
yield of 35,100 kg ha-1 that was not significantly different from that obtained from sole African
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nightshade supplied with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) that resulted in
fresh leaf yield of 32,500 kg ha-1 (Table 5.1).
Table5.1: Combined yields of African nightshade and spider plant for different production systems
Combined fresh leaf yield for ANS and s pi der pl ant (kg ha-1 season-1 ).
Intercroppi ng arrangements(spi der pl ant: African nightshade rati o)
Fertilizer combi nations

Sole ANS

1:14

1:2

1:3

1:4

ANS

SP

ANS

SP

ANS

SP

ANS

SP

ANS

SP

60kgN/ha urea + 40kgP/ha TSP

35100

0

29300

6000

18200

12700

21800

13700

23800

13700

40kgN/ha urea + 30kgP/ha TSP +20kgN/ha FYM

32500

0

27300

6900

15900

12500

21300

13400

23500

11400

30kgN/ha urea + 20kgP/ha TSP +30kgN/ha FYM

22300

0

17800

2600

11800

5200

15000

5400

16400

5700

20kgN/ha urea + 10kgP/ha TSP +40kgN/ha FYM

19300

0

17300

1800

10010

2390

14000

2500

15900

2500

60kgN/ha farm yard manure

16300

0

15100

1800

8910

1790

12200

2300

9210

2190
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African nightshade grown at an intercrop ratio of 1:4 supplied with urea (60kg N ha-1 )+triple
superphosphate (40kg P ha-1 ) resulted in a combined yields of 37,500 kg ha-1 while an intercrop
ratio of 1:4 supplied with urea (40kg N ha-1 ) + triple superphosphate (30kg P ha-1 ) + FYM (20kg
N ha-1 + 9 kg ha-1 ) obtained combined yields of 34,900 kg ha-1 for African nightshade and spider
plant (Table 5.1). Intercrop ratio of 1:2 supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) resulted
in combined yields of 10,700 kg ha-1 (Table 5.1).
Intercropping is a crop management system involving two or more economic species grown
together for at least a portion of their respective productive cycle. However, there is no yield
advantage over the mono crops (Sullivan, 2003). In this study, yields across intercropping
arrangements were lower compared to sole African nightshade. These results agree with the
findings of Kabura et al. (2008) working on pepper and onion intercrops, reported that higher
yield values were obtained from sole pepper compared to component crops in intercropping
combination. Although yield of component crops in an intercropping combination was reduced,
combined yields from the intercrops were higher compared to mono crop African nightshade.
This could be attributed to better utilization of available resources, however optimum plant
density of individual crops should not be exceeded beyond certain limits to avoid interplant
competition Suvilla, (2003) which could be the reason for lower combined yields obtained when
African nightshade is grown at an intercrop ratio of 1:2 supplied with FYM (60 kg N ha-1 + 36 kg
P ha-1 ).
5.3.1 Gross margin analysis of the different production systems that resulted in high leaf
yields
The gross margins obtained from each production system depended on the inputs and cropping
arrangement used by a producer. The different gross margins based on these systems is presented
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in Table (5.2). Farmer 3 recorded the highest gross margins of KES 294,243 followed by farmer
1 (KES 276,091), farmer 4 (KES 268,839), farmer 2 (KES 251,587) and lastly farmer 5 (37,354)
(Table 5.2).
Table5.2: Gross margin analysis for different farme r scenarios
Farmer 1
Gross income (GI) (KES 351,000

Farmer 2

Farmer 3

Farmer 4

Farmer 5

325,000

375,000

349,000

107,000

ha-1 season-1 )
Total

variable

cost

(TVC)(KES ha-1 season-1 )
African nightshade Seed

900

900

675

675
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Spider plant seed

0

0

225

225

335

Harrowing

4,135

4,135

4,135

4,135

4,135

Planting

8,267

8,267

10,333

10,333

10,333

Weeding

12,400

12,400

12,400

12,400

12,400

Harvesting

14,468

14,468

20,255

20,255

14,468

Transport

4,500

4,500

4,500

4,500

4,500

Manure

0

3,968

0

3,968

11,900

Fertilizer

15,214

10,650

15,214

10,650

0

Pesticides

8,025

8,025

6,020

6,020

4,010

Land

7,000

7,000

7,000

7,000

7,000

73,413

80,757

80,161

69,646

251,587

294,243

268,839

37,354

Total 74,909
Gross margin (GI-TVC)

276,091
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Through intercropping, farmers can achieve full production of the main crop and also an
additional yield associated with an increased plant population of the second crop component and
as a result increase incomes obtained by smallholder farmers (Geno and Geno, 2001). However,
the profitability of different production systems is determined by their production costs. Gross
margins represent the actual income to the farmer and are used to evaluate economic suitability
of any cropping system (Hauggaard-Nielsen and Jensen, 2001).However, development of
feasible and economically practical intercropping system mainly depends on the adaptation of
planting pattern and selection of compatible vegetable crops. Intercrop ratio of 1:4 supplied with
urea (60 kg N ha-1 ) + triple superphosphate (40 kg P ha-1 ) obtained higher gross margins
compared to those obtained from sole African nightshade supplied with urea (60 kg N ha-1 ) +
triple superphosphate (40 kg P ha-1 ). This could be attributed to combined yield advantage of the
two vegetables that resulted in higher gross margins compared to sole African nightshade. These
results agree with the findings of Seran et al. (2009) working on amaranth and radish intercrop
who reported that an intercrop ratio of radish: amaranth (1:4) obtains higher gross margins
compared to respective mono crops. Further, production of African nightshade at an intercrop
ratio of 1:4 supplied with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20
kg N ha-1 + 9 kg P ha-1 ) obtained higher gross margins compared to sole African night shade
supplied with the same fertilizer combinations giving a farmer an added advantage for vegetable
and income diversification. This could be attributed to better utilization of available resources
that enhanced growth of component crops. These results agree with the findings of Mini et al,
(2005) working on cow pea and okra intercrops who reported that high gross margins are
realized from the intercrops compared to gross margins from component crops. Besides, intercropping occupies greater land use efficiency and results in higher economic net return per unit
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area as compared to mono cropping (Saker et al. 2007). Qasim et al. (2013) working on pea and
cauliflower intercrops, reported that intercrops obtains higher gross margins compared to
corresponding mono crops. Further, the results could be attributed to maximum utilization of soil
nutrients supplied from inorganic and organic fertilizers. Mini et al, (2005) working with pea and
okra intercrops reported that intercropping okra with pea obtains the highest gross margins due to
better utilization of available soil nutrients. Although African nightshade grown at an intercrop
ratio of 1:2 supplied with (60 kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest gross margins
compared to all other production systems it will also serve as an economic remedy for those
farmers who cannot afford inorganic fertilizers. Gebrtsadkan et al, (2015) working on tomato
reported that application of inorganic fertilizer obtains higher gross margins but the use of farm
yard manure is also profitable. Similarly, Alam et al, (2004) reported that higher gross margins
are obtained when combined inorganic and organic manure are used.
5.4 Conclusion
African nightshade grown at an intercrop ratio of 1:4 supplied with urea (60kg N ha-1 )+triple
superphosphate (40kg P ha-1 ) obtained the highest gross margins followed by sole African
nightshade supplied with the same fertilizer combinations and an intercrop ratio of 1:4 supplied
with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha1

). An intercrop ratio of 1:2 supplied with (60 kg N ha-1 + 36 kg P ha-1 ) resulted in the lowest

gross margins.
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CHAPTER SIX
GENERAL CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
Intercropping arrangements and fertilizer application influenced growth and yield of African
nightshade, nutrient status and balances and gross margins of different treatments. Fertilizer
combinations influenced the number of branches and leaves per plant with application of Urea
(40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) recording a high number of branches and
leaves per plant that was comparable to when Urea (40 kg N ha-1 ) + triple superphosphate (30 kg
P ha-1 ) + FYM (20 kg N ha-1 + 9 kg P ha-1 ) was used. Further, highest total fresh leaf yield was
produced when sole African nightshade and intercropping of Spider plant and African nightshade
at a ratio of 1:14 (spider plant as border rows) supplied with either Urea (40 kg N ha-1 ) + triple
superphosphate (30 kg P ha-1 ) or Urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) +
FYM(20 kg N ha-1 + 9 kg P ha-1 ) was used in the production of the vegetable while African
nightshade grown at an intercrop ratio of 1:2 supplied with FYM (60 kg N ha -1 + 36 kg P ha-1 )
resulted in the lowest fresh leaf yield.
On nutrient status and balances, application of urea (60 kg N ha-1 ) + triple superphosphate (40 kg
P ha-1 ) combined with intercrop ratio of 1:2 exhibited low soil N, P K, C and pH levels compared
to initial soil nutrient levels while application of pure FYM (60 kg N ha-1 + 36 kg P ha-1 ) resulted
in higher nutrient levels across all intercropping arrangements. Further, Sole African nightshade
supplied with FYM (60 kg N ha-1 + 36 kg P ha-1 ) recorded negative nutrient balances of -9 kg N,
-9.9 kg P and -5.4 kg K ha-1 yr-1 however, an intercrop ratio of 1:2 (Spider plant: ANS) combined
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with urea (60 kg N ha-1 )+ triple superphosphate (40 kg P ha-1 ) recorded higher negative nutrient
balances of -36.5 N, -25.2 P and -34.2 kg K ha-1 yr-1 .
Further, African nightshade grown at an intercrop ratio of 1:4 supplied with urea (60kg N ha1

)+triple superphosphate (40kg P ha-1 ) obtained the highest gross margins followed by sole

African nightshade supplied with the same fertilizer combinations and an intercrop ratio of 1:4
supplied with urea (40 kg N ha-1 ) + triple superphosphate (30 kg P ha-1 ) + FYM (20 kg N ha-1 + 9
kg P ha-1 ). An intercrop ratio of 1:2 supplied with (60 kg N ha-1 + 36 kg P ha-1 ) resulted in the
lowest gross margins
6.2 Recommendations
It can therefore be recommended that farmers can grow African nightshade with spider plant at
an intercrop ratio of 1:4 supplied with urea (60 kg N ha -1 ) + triple superphosphate (40 kg P ha-1 )
to maximize on gross margins and increase nutritional diversity but for farmers who opt to grow
a mono crop of African nightshade then application of only inorganic fertilizers will be
preferable. However, for those farmers who cannot afford inorganic fertilizers, can grow African
nightshade at an intercrop ratio of 1:2 supplied with FYM (20 kg N ha-1 ; 9 kg P ha-1 ) since it is
also profitable and facilitates reduction in soil nutrient losses. Although these technologies will
empower small scale farmer economically, more has to be done to realize the most compatible
vegetable crops, more particularly with leguminous vegetables that will enhance nutrient use
efficiency, reduce production costs and maximize gross margins.
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